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PREFACE 


The  work  reported  herein  was  conducted  for  the  US  Army  Engineer  Dis¬ 
trict,  Kansas  City  (CEMRK) ,  and  the  US  Environmental  Protection  Agency 
(USEPA) ,  Region  X,  by  the  US  Army  Engineer  Waterways  Experiment  Station  (WES) 
under  Intra-Army  Order  No.  KC-89-116.  Mr.  Bill  McFarland  was  the  Project 
Manager  for  CEMRK.  Mr.  Bill  Adams  was  the  Project  Manager  for  the  USEPA. 

This  study  was  conducted  as  a  bench-scale  evaluation  of  the  feasibility  of 
using  chemical  solidif ication/stabilization  for  treating  contaminated  soils 
from  the  Frontier  Hard  Chrome  site  in  Vancouver,  WA. 

The  report  was  prepared  by  Ms.  Elizabeth  C.  Fleming  and  Dr.  M.  John 
Cullinane,  Jr.,  of  the  Water  Supply  and  Waste  Treatment  Group  (WSWTG) , 
Environmental  Engineering  Division  (EED) ,  Environmental  Laboratory  (EL),  WES. 
Waste  extractions  and  chemical  analyses  were  performed  by  Radian,  Inc. 

The  study  was  conducted  under  the  direct  supervision  of  Mr.  Norman  R. 
Francingues,  Chief,  WSWTG,  and  under  the  general  supervision  of  Dr.  Raymond  L. 
Montgomery,  Chief,  EED,  and  Dr.  John  Harrison,  Director,  EL. 

At  the  time  of  publication  of  this  report.  Director  of  WES  was  Dr.  Robert 
W.  Whalin.  Cotanander  and  Deputy  Director  was  COL  Leonard  G.  Hassell,  EN. 


This  report  should  be  cited  as  follows; 

Fleming,  Elizabeth  C.,  and  Cullinane,  M.  John,  Jr.  1992.  "Evaluation 
of  Solidification/Stabilization  for  Treating  Contaminated  Soils  from  the 
Frontier  Hard  Chrome  Site,"  Technical  Report  EL-92-22,  US  Army  Engineer 
Waterways  Experiment  Station,  Vicksburg,  MS. 
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CONVERSION  FACTORS,  NON- SI  TO  SI 
UNITS  OF  MEASUREMENT 


AN  EVALUATION  OF  S0LIDIFICATI0N/STA3ILIZATI0N  FOR  TREATING 
CONTAMINATED  SOILS  FROM  THE  FRONTIER  HARD  CHROME  SITE 


PART  I :  INTRODUCTION 

Background 

1.  Frontier  Hard  Chrome  (FHC)  site  Is  an  Inactive  Industrial  facility 
located  at  113  Y  Street,  Vancouver,  Clark  County,  Washington.  Figure  1  shows 
the  general  location  of  the  0.5-acre*  site,  which  is  bordered  to  the  east  by 
Grand  Avenue,  to  the  south  by  Richardson  Metal  Works,  and  to  the  west  by 

Y  Street.  Contamination  of  the  site  is  the  result  of  industrial  chrome- 
plating  operations  conducted  for  a  period  of  25  years.  From  1958  to  1983,  the 
site  was  used  for  metal-plating  operations  for  several  metal  fabricators  in 
the  Vancouver  area.  After  that  time,  the  FHC  facility  and  the  surrounding 
area  were  leased  to  neighboring  businesses. 

2.  From  1958  to  1970  the  site  was  used  by  Pioneer  Plating,  and  from 
1970  until  1983  it  was  used  by  FHC.  During  FHC  operations,  effluent  from  the 
facility  was  discharged  to  the  sanitary  sewer  system.  In  1975,  the  Washington 
Department  of  Ecology  (WDOE)  halted  further  dis.harges  into  the  sewer  system 
and  required  FHC  to  install  a  pretreatment  system  for  chromium.  At  that 
point,  FHC  began  discharging  the  effluent  into  the  dry  well  located  behind  the 
FHC  building. 

3.  In  1976,  FHC  was  issued  a  wastewater  treatment  permit  by  WDOE  to 
discharge  waters  to  the  dry  well;  the  permit  included  a  plan  for  chromium 
treatment  systems  to  be  installed.  However,  FHC  did  not  install  a  treatment 
system  and  continued  to  discharge  wastewaters  to  the  dry  well. 

4.  In  1982,  after  extensions  of  the  deadline  for  installation  of  the 
treatment  system  had  passed,  it  was  found  that  an  industrial  supply  well 
0.25  mile  southwest  of  the  FHC  site  was  contaminated  with  chromium  at  levels 
above  the  drinking  water  standard  of  0.05  mg/L.  The  WDOE  granted  FHC  a  new 
deadline  for  compliance  with  the  wastewater  treatment  permit  requirements. 

FHC  again  failed  to  meet  the  deadline  for  installation  of  a  treatment  system. 
In  1983,  the  FHC  site  was  placed  on  the  National  Priority  List  (NPL)  under  the 


*  A  table  of  factors  for  converting  non-SI  units  of  measurement  to  SI  units 
is  presented  on  page  7. 
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Comprehensive  Environmental  Response  Compensation  and  Liability  ACT  (CERCLA) . 

Industrial  operations  at  the  FHC  site  ceased. 

5.  The  USEPA  authorized  the  WDOE  to  begin  Investigating  the  cleanup  of 
the  FHC  site  under  the  Superfund  program.  In  1987,  WDOE  contracted  with  Dames 
&  Moore  to  conduct  a  feasibility  study  for  remediation  of  the  FHC  site.  In 
1987,  a  Record  of  Decision  (ROD)  was  issued  concerning  soil  contamination  at 
the  site.  In  March  1988,  the  US  Environmental  Protection  Agency  (USEPA) 
regained  the  lead  control  of  cleanup  investigations  at  the  FHC  site  and  con¬ 
tracted  with  the  US  Army  Engineer  District,  Kansas  City  (CEMRK) ,  to  aid  in  the 
investigation. 

6.  The  contamination  of  the  site  is  divided  into  two  units:  a  soils 
unit  and  a  groundwater  unit.  The  soils  unit  is  subdivided  into  two  types  of 
material,  a  fill  and  a  clay.  Primary  contaminants  of  interest  are  chromium 
(VI)  and  chromium  (III).  Contamination  at  depths  up  to  16  ft  has  been 
identified.  Table  1  lists  the  major  soil  contaminants  found  at  the  FHC  site, 
as  documented  in  the  remedial  investigation  conducted  by  the  WDOE  in  the  fall 
of  1984. 


Solldlflcatlon/Steblllzatlon 


Description 

7.  Solidification/stabilization  (S/S)  is  a  process  that  involves  the 
mixing  of  a  contaminated  soil  with  a  binder  material  to  enhance  the  physical 
and  chemical  pioperties  of  the  soil  and  to  chemically  bind  any  free  liquid 
(USEPA  1986b).  Typically,  the  binder  is  a  cement,  pozzolan,  or  thermoplastic. 
Proprietary  additives  may  also  be  added.  In  most  cases,  the  S/S  process  is 
changed  to  accommodate  specific  contaminants  and  soil  matrices.  Since  it  is 
not  possible  to  discuss  all  possible  modifications  to  a  S/S  process,  discus¬ 
sions  of  most  S/S  processes  have  to  be  related  directly  to  generic  process 
types.  The  performance  observed  for  a  specific  S/S  system  may  vary  widely 
from  its  generic  type,  bu~  the  general  characteristics  of  a  process  and  its 
products  are  usually  similar.  Ccmprehensive  general  discussions  of  waste  3/S 
processes  are  given  in  Malone  and  Jones  (1979),  Malone.  Jones,  and  Larson 
(1980),  and  USEPA  (1986c). 
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Table  1 

Concentration  of  Chromluni  In  FHC  Soils  In  Analysis  Conducted 

in  the  RI 


Soil  Sample 

Depth 

Total 

Cr(VI) 

Designation 

ft 

Cr.  nnra 

ppm 

%  Cr(VI) 

B85-2 

0-1.5 

40 

0.5 

1 

5-6.5 

15 

<0.5 

10-10.5 

90 

5 

6 

15-16.5 

44 

NA 

20-21(b) 

340 

110 

32 

20-21(b) 

350 

88 

25 

25-25.3 

110 

18 

16 

29-29.8 

46 

4.0 

9 

33.5-33.8 

34 

NA 

B85-3 

0-1.5 

1,400 

41 

3 

5-6.5 

970 

16 

2 

10-10.5 

150 

5.5 

4 

15-16. 5(b) 

25 

<0.5 

15-16. 5(b) 

31 

<0.5 

20-21. 5(b) 

230 

<0.5 

20-21. 5(b) 

160 

<0.5 

25-25.5 

65 

<0.5 

29-29.3 

23 

<0.5 

B85-4 

0-1.5 

12 

<0.5 

5 

12 

1.5 

13 

10-11.5 

6 

<0.5 

15-16. 5(b) 

8 

<0.5 

15-16. 5(b) 

7 

<0.5 

20-21(b) 

51 

<0.5 

20-21(b) 

38 

<0.5 

B85-5 

0. 5-2.0 

75 

<0.5 

10-11 

55 

<0.5 

15-16. 5(b) 

200 

1.5 

1 

15-16. 5(b) 

210 

2.5 

1 

25 

63 

0.5 

1 

30 

30 

<2.5 

B85-6 

0-1.5 

25 

<2.5 

5-6.5 

24 

<2.5 

10-11.5 

35 

<0.5 

15-16. 5(b) 

190 

<2.5 

15-16. 5(b) 

180 

<0.5 

20-21. 5(b) 

200 

1.5 

1 

20-21. 5(b) 

200 

1.5 

1 

25 

67 

<0.5 

30 

43 

0.5 

1 

(Continued) 
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Tabl*?  1  (Continued) 


)oil  Sample 

Depth 

Total 

ft  _ 

B87-8 

0-1 

22 

13 

50 

14 

39 

19.5 

28 

B87-9 

1.5 

37 

12.5 

12 

19.5(b) 

40 

19.5(b) 

38 

24.5 

21 

B87-10 

0.5 

430 

7.5 

28 

12.5(b) 

41 

12.5(b) 

44 

16.5 

56 

20.5 

45 

B87-11 

16 

17,000 

16.5 

12,000 

17.5 

3,100 

PW-IA 

18.5 

20 

PW-IB 

17.5 

88 

S7 

1 

6,900 

2 

2,000 

3 

1,200 

S8 

1 

3,900 

2 

12,000 

3 

9,200 

S9 

1 

610 

2 

700 

SIO 

1 

360 

2 

26 

3 

15 

S-1-1 

1 

590 

S-1-3 

300 

S-2-1 

1 

6,200 

S-3-1 

1 

6,500 

S-3-3 

3 

230 

3-4-1 

1 

23 

S-4-3 

3 

10 

(Continued) 
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Cr(VI) 

pom  S 


<0.5 

<0.5 

<0.5 

<0.5 

0.6  2 

<0.5 

0.6  2 

0.6  2 

<0.5 

<0.5 

0.6  2 

0.6  1 

0.5  1 

0.6  1 

0.7  2 

750  ^ 

470  ^ 

67  2 

NA 

NA 

540  8 

170  9 

67  6 

300  8 

430  ^ 

430  5 

2.3  0 

3.5  1 

2.4  1 

0.3  1 

0.2  1 

61  10 

NA 

1,300  21 

400  6 

NA 

0.2  1 


NA 

(Sheet  2  of  3) 


Table  1  (Concluded) 


Soil  Sample 

Depth 

Total 

Cr(VI) 

DesiCTiatlon 

ft 

Cr.  Dtira 

ppm 

%  Cr(Vl) 

S-5-2 

2 

330 

4.8 

1 

S-5-4 

4 

160 

22 

14 

S-6-2 

2 

7,800 

950 

12 

S-6-3  1/2 

3.5 

4,100 

1,200 

29 

(Sheet  3  of  3) 
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s/s  treatment  systems 

8.  Solidification/stabilization  systems  that  have  potential 
application  to  the  FHC  soils  Include: 

Portland  cement  processes, 
b.  Pozzolan  processes. 

9.  Portland  cement  processes  use  Portland  cement  to  produce  a  type  of 
soil/concrete  composite.  Contaminant  migration  is  reduced  by  microencapsula¬ 
tion  of  the  contaminants  in  the  concrete  matrix.  The  addition  of  soluble 
silicates  to  Portland  cement  processes  may  accelerate  hardening.  As  with 
lime/fly  ash  and  other  pozzolanic  systems,  metals  are  also  converted  to  less 
soluble  forms. 

10.  Pozzolanic  processes  use  the  finely  divided,  noncrystalline  silica 
in  fly  ash  and  the  calcium  in  lime  to  produce  low-strength  cementation.  Waste 
containment  is  produced  by  entrapping  the  waste  in  the  pozzolan  concrete 
matrix  (microencapsulation) .  Metals  are  also  converted  to  less  soluble  forms 
that  further  inhibit  leaching. 

Objective  and  Scope  of  Study 


General  objective 

11.  The  general  objectives  of  this  study  were  to 

fi.  Determine  the  effects  of  S/S  techniques  on  contaminated  soils 
from  the  FHC  site. 

ji.  Evaluate  the  physical  and  chemical  properties  of  the 

solidified/stabilized  soils  to  determine  if  S/S  techniques  will 
substantially  reduce  the  chromium  (VI)  to  chromium  (III)  , 
reduce  the  amount  of  contaminants  in  the  leachate,  and  improve 
the  physical  handling  properties  of  the  soil. 

Specific  objective 

12.  The  specific  objective  of  this  treatability  study  was  to  develop 
S/S  formulations  (one  for  each  type  of  soil)  that,  if  incorporated  in  a  reme¬ 
dial  soil  S/S  treatment  action  at  the  site,  will  effectively  eliminate  leach¬ 
ing  of  chromium  from  the  soils  and  consequently  protect  groundwater  from 
further  degradation.  The  following  treatment  goals  were  established  for  the 
S/S  process: 

a.  The  treated  soils  should  have  a  minimum  unconfined  compressive 
strength  (UCS)  of  50  psi,  or  the  minimum  defined  by  local 
building  codes,  whichever  is  greater. 


b.  Chromium  in  the  Toxicity  Characteristic  Leaching  Procedure 
(TCLP)  extracts  of  treated  soils  should  not  exceed  5.0  mg/L. 

c.  Chromium  concentrations  in  one  extraction  of  the  Honofilled 
Waste  Extraction  Procedure  (HWEP-1)  extracts  should  not  exceed 
0.05  mg/L. 

d.  The  permeability  of  the  treated  soils  should  be  at  least  two 
orders  of  magnitude  less  than  the  permeability  of  the  untreated 
soils.  The  goal  of  the  treatment  process  is  to  achieve  perme¬ 
ability  values  of  1  X  10'®  cm/sec. 

e.  The  treated  soil  should  exhibit  high  wet/dry  durability.  Loss 
of  30  percent  solids  after  12  cycles  constitutes  failure. 

Organization  of  Report 


13.  This  report  is  divided  into  four  basic  sections: 


a. 

Part  I  briefly  describes  the  background  for  this 
introduces  the  concept  of  S/S. 

study  and 

k. 

Part  II  describes  the  methods  used  for  sampling, 
testing  of  the  contaminated  soil. 

treatment,  and 

£• 

Parts  III  and  IV  describe  the  results  of  physical 
contaminant  mobility  testing  of  the  S/S  soil. 

and 

Part  V  presents  conclusions  and  recommendations  based  on  the 
results  of  the  testing  program. 

lA.  Additional  information  on  the  study  methods  and  test  results  is 
presented  in  seven  appendixes:  initial  screening  test  by  WES  (Appendix  A), 
results  of  physical  tests  on  untreated  fill  and  untreated  clay  (Appen¬ 
dixes  B  and  C) ,  results  of  physical  and  chemical  tests  on  treated  fill  and 
treated  clay  (Appendixes  D  and  E) ,  and  Radian,  Inc.,  laboratory  procedures 
(Appendix  F) . 
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PART  II;  MATERIALS  AND  METHODS 


General  Approach  to  the  Investigation 


15.  This  investigation  was  conducted  in  the  six  primary  phases  siam- 
marized  below  and  Illustrated  in  Figures  2-4. 

&■  Phase  I:  Identification  of  Vendors.  CEMRK  advertised  in  the 
Commerce  Business  Daily  (27  February  1990)  for  vendors  inter¬ 
ested  in  participating  in  an  evaluation  of  S/S  technology  for 
application  to  contaminated  soils  collected  from  the  FHC  site. 
Forty- three  vendors  responded  to  the  initial  advertisement. 
Following  the  exchange  of  fact  sheets,  seven  vendors  agreed  to 
participate  in  the  study.  In  addition,  Che  WES  participated  as 
an  eighth  "vendor"  by  preparing  a  generic  S/S  mix. 

b.  Phase  II:  Sample  Collection.  Five  gallons  each  of  clay  and 
fill  material  were  shipped  to  six  vendors  and  WES  for  pre¬ 
testing.  Vendor  4  did  not  receive  samples  because  of  logisti¬ 
cal  problems  within  their  laboratory.  Samples  of  contaminated 
fill  and  clay  were  collected  and  shipped  to  WES  by  Radian,  Inc. 
(the  CEMRK  contractor),  for  Che  vendor  demonstration. 

S..  Phase  III:  Preliminary  Testing.  Vendors  performed  preliminary 
tests  to  determine  the  additives  and  addicive-to-soil  ratios 
(ASR,  a  fraction  based  on  wet  weight)  for  preparation  of  the 
specimens  at  WES.  The  preliminary  testing  results  for  the 
vendors  are  not  presented.  WES  conducted  a  preliminary  inves¬ 
tigation  that  included  an  evaluation  of  binders  and  a  chromium 
reduction  study  (CRS).  The  results  are  presented  in  a  later 
section. 

ij.  Phase  IV;  Preparation  of  Test  Specimens  for  Detailed  Evalua¬ 
tion  ,  Test  specimens  for  detailed  evaluation  of  solidified/ 
stabilized  fill  and  clay  were  prepared  by  WES  and  vendors. 

e.  Phase  V;  Detailed  Evaluation.  Physical  characteristics  of  the 
Created  soil  were  evaluated  by  WES  using  the  UCS ,  bulk  density, 
permeability,  slump,  bleed  water,  cracking,  moisture  content, 
specific  gravity,  sec  time,  and  wet/dry  tests.  Contaminant- 
release  tests  were  conducted  by  Radian,  Inc.,  using  the  TCLP 
and  MWEP-1.  Radian,  Inc.,  also  conducted  bulk  chemistry 
analyses . 

j£.  Pha  ,e  VI:  Data  Analysis  and  Report  Preparation.  Data  from  WES 
and  Radian,  Inc.,  were  consolidated  and  evaluated. 
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Figure  2.  Schematic  of  S/S  treatability  study  for  fill 


Sample  Collection 


Materials  of  interest 

16.  The  materials  of  interest  were  contaminated  soils  obtained  from  the 
FHC  site.  Contaminants  of  interest  included  chromium  (VI)  and  total  chromium 
(Cr) .  Based  upon  the  points  of  known  high  contaminant  concentration,  a  com¬ 
posite  sample  was  collected  by  personnel  of  Radian,  Inc.,  during  the  week  of 
21  May  ly90.  Samples  were  collected  from  the  12-  to  14-ft  depth  for  the  fill 
and  the  14-  to  16-ft  depth  for  the  clay.  Five  gallons  each  of  clay  and  fill 
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Figure  3.  Schematic  of  S/S  treatability  study  for  clay 


were  shipped  to  each  vendor  for  development  of  their  S/S  process.  Clay  and 
fill  (255  gal  each)  were  collected  and  shipped  to  WES.  Upon  receipt  at  WES, 
the  sample  was  placed  in  cold  storage  to  await  implementation  of  the  S/S  eval 
uation  protocol. 

17.  Homogenization  of  the  FHC  fill  and  clay  was  conducted  in  the  field 
by  Padian,  Inc.,  before  shipment  to  the  WES.  Homogenization  consisted  of 
manual  mixing  and  mechanical  mixing  with  an  auger.  The  clay  and  fill  arrived 
at  WES  in  102  five-gallon  buckets,  i.e.,  51  buckets  of  clay  and  51  buckets  of 
fill.  WES  homogenized  the  fill  manually  and  sieved  the  material  through  a 
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- 


Figure  4.  Schenatic  of  the  S/S  process 


1/2-ln.  screen.  Selection  of  a  1/2-in.  screen  was  based  upon  the  particle 
sizes  allowable  for  the  molds  to  be  used  in  physical  testing.  The  clay  was 
not  homogenized  manually  due  to  the  texture  of  the  material.  The  fill  and 
clay  were  separately  placed  into  three  85-gal  drums  each  and  mixed  with  a 
hydraulic  mixer.  Each  set  of  three  drums  was  intermixed  twice  and  homogenized 
with  the  hydraulic  mixer  for  both  the  fill  and  clay. 

18.  To  ensure  that  soils  collected  for  S/S  studies  were  in  fact  contam¬ 
inated  and  for  comparison  of  the  results  for  treated  soils,  Radian,  Inc. , 
performed  a  MVEP-1  and  a  bulk  chemical  analysis  on  the  untreated  soils  col¬ 
lected  at  the  sample  points  located  as  shown  in  Figure  5.  Tables  2  and  3 
present  the  results  of  these  analyses  for  the  fill  and  clay,  respectively. 
Materials  classification 

19.  Clay  and  fill  collected  from  the  site  were  classified  according  to 
US  Geological  Survey  (USGS)  classifications  as  sandy  silt  and  sandy,  silty 


I'"'' 


t' 
f , 


f;- 

I'' 


I' 
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Figure  5.  Sample  collection  points  on  the  FHC  site 

gravel,  respectively.  USGS  classifications  for  the  clay  and  fill  were  MH  and 
GM,  respectively. 

Preliminary  Testing 

20.  Six  vendors  and  the  UES  received  fill  and  clay  samples  to  conduct 
preliminary  testing  before  preparation  of  the  specimens  for  detailed  evalua¬ 
tion  at  WES.  The  results  of  the  preliminary  testing  conducted  by  the  vendors 
were  not  reported;  the  methods  and  results  of  the  WES  preliminary  tests  are 
presented  in  Appendix  A.  Vendor  A  did  not  receive  samples  for  the  preliminary 
testing:  however,  this  vendor  did  participate  in  the  detailed  evaluation 


Boring 

No. 


Soil  Cr 


MWEP  Cr 


Soil  Cr(VI) 


MWEP  Cr(VI) 
_ mg/L _ 


RSB-1 

51 

0.007 

ND* 

ND 

RSB-2 

11 

0.003 

0.12 

ND 

RSB-3 

16 

ND 

ND 

ND 

RSB-4 

24 

ND 

0.26 

ND 

RSB-5 

6.3 

0.011 

ND 

0.009 

RSB-6 

22 

ND 

0.16 

ND 

RSB-7 

3,430 

0.168 

11 

0.174 

RSB-8 

1,180 

1.37 

22 

ND 

RSB-9 

62 

0.054 

0.71 

0.053 

RSB-10 

180 

0.239 

24 

0.206 

RSB-11 

5,100 

0.719 

150 

.. 

RSB-12 

170 

0.063 

0.15 

ND 

RSB-13 

640 

0.095 

1.4 

ND 

RSB-14 

420 

ND 

0.73 

ND 

RSB-15 

19 

0.004 

0.08 

ND 

Large 

1,570 

0.395 

32 

0.354 

boring 


*  Not  detected. 
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boring 


romluni 
for  J 


Table  3 

\nalvsts  on  Clay  Conducted  b.'; 
Te  Frontier  Hard  Chrome  Site 


Boring 

No . 

Soil  Cr 
niK/kE 

MWEP  Cr 
nig/L 

RSB-1 

47 

0.005 

RSB-2 

23 

ND 

RSB-3 

31 

ND 

RSB-4 

30 

ND 

RSB-5 

37 

ND 

RSB-6 

50 

ND 

RSB-7 

640 

0.405 

RSB-8 

1,100 

0.134 

RSB-9 

66 

0.013 

RSB-10 

380 

3.19 

RSE  11 

110 

0.008 

RSB-12 

580 

0.017 

RSB-13 

44 

0.007 

RSB-14 

84 

ND 

RSB-15 

33 

ND 

Large 

2,630 

0.065 

Soil  Cr(VI) 

■  .m&ZlSfl - 

ND* 

0.17 

ND 

ND 

ND 

ND 

1.7 

3.2 

0.1 

50 

0.61 

0.58 

0.19 

ND 

0.06 

10 


MWEP  Cr(VI) 
wr/L - 

ND 

ND 

ND 

ND 

ND 

0.008 

0.372 

0.120 

ND 

2.67 

0.079 

ND 

ND 

ND 

ND 

0.070 


*  Not  detected. 


Initial  screening:  tests 

21.  The  WES  conducted  preliminary  tests  that  included  minimum  evalua¬ 
tion  of  binders  and  water  addition.  The  objectives  of  the  initial  screening 
test  were  threefold:  (a)  to  determine  the  appropriate  water- to- soil  ratio 
(WSR) ,  a  fraction  of  water  to  wet  soil;  (b)  to  select  the  binder  for  prepara¬ 
tion  of  specimens  for  detailed  evaluation;  and  (c)  to  select  the  appropriate 
ASR  for  detailed  testing. 

22.  Although  the  clay  and  fill  had  considerable  moisture  content,  it 
uas  necessary  to  add  water  to  the  contaminated  fill  and  clay  for  S/S  to  be 
effective.  Initial  screening  tests  were  conducted  on  a  wide  range  of  ASRs  and 
WSRs.  The  matrices  of  test  specimens  prepared  for  fill  and  clay  during  the 
WES  initial  screening  test  are  presented  in  Appendix  A. 

23.  Determination  of  the  appropriate  WSR  and  ASR  for  preparation  of 
clay  and  fill  specimens  for  detailed  evaluation  was  based  on  the  results  of 
the  cone  index  (Cl)  test  performed  on  the  initial  screening  test  specimens 
after  they  had  cured  for  1,  4,  8,  and  24  hr.  The  Cl  measures  the  resistance 
of  a  material  to  the  penetration  of  a  30-deg  right  circular  cone.  The  method 
specified  in  Technical  Manual  (TM)  5-530  was  followed  (Headquarters,  Depart¬ 
ment  of  the  Army  (HQDA)  1971) .  The  Cl  value  is  reported  as  force  per  unit 
surface  area  (pounds  per  square  inch)  of  the  cone  base  required  to  push  the 
cone  through  a  test  material  at  a  rate  of  72  in. /min.  Two  cones  are  available 
for  this  test:  the  standard  WES  cone  having  an  area  of  0.5  sq  in.  and  the 
airfield  penetrometer  having  a  base  area  of  0.2  sq  in.  It  was  necessary  to 
use  the  standard  WES  cone  on  material  with  a  Cl  less  than  100  psi  and  to  use 
the  airfield  penetrometer  on  materials  with  a  Cl  greater  than  100  psi.  The 
maximum  Cl  value  that  can  be  measured  by  the  airfield  penetrometer  is  750  psi; 
therefore,  materials  having  Cl  values  greater  than  750  psi  are  reported  simply 
as  >750  psi. 

24.  The  results  of  the  initial  screening  test  define  the  appropriate 
ASR  required  to  produce  physical  strength  and  narrow  the  range  for  a  selection 
of  a  WSR.  Tha  test  specimens  generated  during  the  initial  screening  test  were 
not  used  for  further  evaluation. 

Chromium  reduction  study 

25.  The  objectives  of  the  WES  chromium  (VI)  reduction  study  were: 

(a)  to  determine  if  reagents  could  be  added  to  the  fill  and  clay  to  reduce 
Cr(VI)  to  Cr(III) ,  (b)  to  determine  the  dosages  of  reagent  necessary  for 
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reduction  of  Cr(VI)  to  Cr(III),  and  (c)  to  determine  the  reaction  time 
required  for  reduction  of  Cr(VI)  to  Cr(III). 

26.  Blast  furnace  slag  (BFS)  and  ferrous  sulfate  were  selected  as 
additives  for  reduction  of  Cr(VI).  A  wide  range  of  ASRs  were  evaluated  to 
determine  the  amount  of  additive  necessary  to  reduce  Cr(VI)  to  Cr(III).  The 
minimum  BFS  to  soil  ratio  and  ferrous  sulfate  to  soil  ratio  was  selected  based 
on  stoichiometric  ratios  of  initial  Cr(VI)  concentrations.  The  appropriate 
ASRs  for  the  clay  and  fill  to  be  prepared  in  the  detailed  evaluation  were 
determined  by  analysis  of  the  treated  specimens  for  Cr(VI)  according  to  SW-846 
Method  3060  (USEPA  1986d)  with  modifications.  The  reagents  used  were 

O.IN  NaOH,  O.IN  Na2C03,  10%  H2SO4,  and  a  color  reagent  (see  SU-846  Method 
7196).  The  method  of  extraction  was  to  add  50  ml  each  of  O.IN  NaOH  and 
O.IN  Na2C03  to  25  g  of  the  clay  or  fill,  tumble  for  2  hr,  and  filter  with  a 
0.45-p  filter;  the  leachate  was  analyzed  according  to  SW-846  Method  7196.  For 
leachate  analysis,  3  ml  of  10%  H2SO4  and  2  ml  of  the  color  reagent  were 
diluted  to  95  ml  according  to  SW-846  Method  7196. 

Preparation  of  Test  Specimens  for  Detailed  Evaluation 

General  description  of  S/S  process 

27.  Solidified  specimens  were  prepared  by  mixing  water  and  additives 
with  the  contaminated  clay  and  fill  in  a  Hobart  H600T  mixer.  The  soil  and 
additives  were  mixed  for  5  min,  after  which  the  sides  of  the  container  were 
scraped  to  remove  material  adhering  to  the  sides  of  the  container.  After 
scraping,  the  mixture  was  mixed  an  additional  5  min.  Variations  from  this 
method,  if  any,  are  discussed  for  each  vendor  in  the  paragraphs  that  follow. 
Immediately  after  mixing  was  completed,  a  slump  test  was  conducted  according 
to  methods  described  in  ASTM  C  143-89  (ASTM  1990).  The  remaining  water/ 
additive/soil  slurry  was  poured  into  molds  for  physical  and  chemical  testing. 
To  aid  in  removing  test  specimens  from  the  molds,  a  light  coat  of  grease  was 
applied  to  the  molds  used  to  cast  the  UCS  specimens.  Specimens  used  for  the 
bulk  chemistry,  MWEP-1,  and  TCLP  were  prepared  in  ungreased  molds.  Immedi¬ 
ately  after  the  addltive/water/soil  mixtures  were  placed  in  the  molds,  they 
were  vibrated  on  a  Sentron  model  VP61D1  vibration  table  to  remove  voids. 

Visual  observations  of  the  specimens  were  recorded  for  the  bleed  water  test 
according  to  methods  in  ASTM  C  232-87  (1990).  For  some  vendor  sample  prepara¬ 
tions,  the  additive /water/contaminated  soil  mixture  was  very  viscous,  and 
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vibration  was  an  ineffective  method  for  removing  voids.  These  specimens  were 
tamped  according  to  ASTM  C  109-86  (ASTM  1990)  using  a  model  CT-25A  tamper. 

28.  The  molded,  solidified/stabilized  materials  were  cured  in  the  molds 
at  23  °C  and  98 -percent  relative  humidity  for  a  minimum  of  24  hr.  Specimens 
were  removed  from  the  molds  when  they  developed  sufficient  strength  to  be  free 
standing,  and  were  cured  under  the  same  temperature  and  relative  humidity 
conditions  until  further  testing. 

29.  After  the  solidified/stabilized  soil  was  cured,  the  physical  and 
chemical  properties  of  the  solidified/stabilized  soil  were  determined.  The 
UCS,  moisture  content,  bulk  density,  permeability,  specific  gravity,  set  time, 
slump,  and  wet/dry  tests  were  used  to  determine  the  physical  characteristics, 
and  the  TCLP  and  MUEP-1  were  used  to  measure  the  leachability  of  the  contami¬ 
nants  from  the  solidified/stabilized  soil. 

30.  One  formulation  was  prepared  by  each  vendor  for  each  of  the  clay 
and  fill  materials.  Additive  systems  developed  by  each  vendor  were  used  to 
solidify/stabilize  the  soil  and  are  differentiated  by  the  type  of  additive 
material  used  in  the  process.  The  processes  selected  by  the  vendors  are 
discussed  below. 

Preparation  of  fill  material  specimens 

31.  Vendor  1.  Vendor  1  added  two  proprietary  additives  (Ensol  and 
Landtreat)  and  water.  Ensol  contains  sodixim  silicate  and  a  chelating  agent. 
Landtreat  is  an  insoluble  polysillcate .  Vendor  1  varied  the  amount  of  Ensol 
among  replicates  according  to  the  following  schedule. 


Replicate 

WSR 

Ens.ql 

Landtreat 

A 

0.02 

0.04 

0.05 

B 

-- 

0.04 

0.07 

C 

0.02 

0.08 

O.IC 

For  replicates  A  and  C,  Vendor  1  added  WSRs  of  0.02  but  added  no  water  to 
replicate  B.  Vendor  1  added  Ensol  and  Landtreat  to  the  fill  and  initiated 
mixing.  During  the  first  5  min  of  mixing,  they  slowly  added  400  ml  of  water 
to  replicate  A.  .^s  mixing  progressed,  Vendor  1  decided  to  add  an  additional 
150  g  of  Landtreat  powder  due  to  the  apparent  moisture  in  the  mix.  Vendor  1 
added  Ensol  and  Landtreat  to  replicates  B  and  C  after  initiation  of  ml.xing  but 
did  not  add  water  to  replicate  B.  The  replicate  mixtures  were  mixed  for 
5  min,  scraped,  and  mixed  for  an  additional  5  min. 

32.  Vendor  2 .  Vendor  2  added  cement  and  a  chemical  reducing  agent  to 
the  fill  at  the  following  ASRs . 
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Replicate 


Chemical 

WSR  Cement  Reducing  Agent 


A 

B 

C 


0.15  0.05 
0.15  0.07 
0.15  0.10 


The  cement  was  added  at  a  constant  rate  of  0.15  ASR  for  replicates  A,  B,  and 
C,  but  the  chemical  reducing  agent  ASR  was  varied  (0.05,  0.07,  and  0.10  for 
replicates  A,  B,  and  C,  respectively).  The  mixing  times  were  consistent  among 
replicates,  and  mixing  was  conducted  as  discussed  in  paragraph  27. 

33.  Vendor  3.  Vendor  3  added  portland  cement,  silica,  and  water  to  the 
fill,  and  ASRs  remained  consistent  for  the  three  replicates. 


Replicate 

WSR 

Portland 

Cement 

Silica 

A 

0.09 

0.21 

0.14 

B 

0.09 

0.21 

0.14 

C 

0.09 

0.21 

0.14 

Vendor  3  added  the  silica  and  one  half  the  water,  mixed  for  5  min,  scraped  the 
container,  and  added  the  remaining  water  and  portland  cement  for  all 
replicates . 

34.  Vendor  4.  Vendor  4  added  cement,  a  metal  complexing  reagent,  a 
cementitious  reagent,  and  water  at  consistent  dosages  for  the  replicates. 


Replicate 

WSR 

Cement 

Metal 

Complex  Reagent 

Cementitious 

Reagent 

A 

0.20 

0.20 

0.08 

0.05 

B 

0.20 

0.20 

0.07 

0.05 

C 

0.20 

0.20 

0.07 

0.05 

Vendor  4  used  consistent  mixing  processes  for  all  replicates  and  began  by 
mixing  the  metal  complexing  reagent  and  slowly  adding  the  fill  for  5  min.  The 
container  was  scraped,  and  the  cement  was  added.  After  mixing  an  additional 
minute,  Che  cementitious  reagent  was  added,  and  the  mixture  was  mixed  an  addi¬ 
tional  4  min. 

35.  Vendor  5 .  Vendor  5  added  cement,  sodium  silicate,  and  water  to  the 
fill  at  the  ratios  listed  below. 


Sodium 

Replicates  WSR  Cement  Silicate 


0.17  0.25 
0.17  0.25 
0.17  0.25 


A 

B 

C 
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0.20 

0.20 

0.20 


Vendor  5  mixed  the  water,  fill,  and  sodium  silicate  for  5  min,  scraped  the 
container,  and  then  added  the  cement  and  mixed  for  an  additional  5  min. 

36.  Vendor  6 .  Vendor  6  added  cement,  ferrous  sulfate,  and  water  to  the 
fill  at  the  ASRs  listed  below. 


Replicates 

_WSE 

Cement 

Ferrous 

Sulfate 

A 

0.25 

0.20 

0.02 

B 

0.25 

0.20 

0.02 

C 

0.25 

0.20 

0.02 

Vendor  6  began  preparation  of  their  specimens  by  first  adding  ferrous  sulfate 
and  water  to  the  fill  and  mixing  for  2  min.  The  cement  was  then  added,  and 
mixing  was  continued  for  3  min.  The  container  was  scraped,  and  the  mixture 
was  mixed  an  additional  5  min. 

37.  Vendor  7.  Vendor  7  used  cement,  type  C  fly  ash,  and  Urichem  for 
their  process.  Water  was  added  to  replicate  A  only. 


Replicates 

WSR 

Cement 

Flv  Ash 

Urichem 

A 

0.02 

0.06 

0.30 

0.04 

B 

0.05 

0.30 

0.04 

C 

-  • 

0.05 

0.30 

0.04 

First,  Urichem  was  added  to 

the 

fill  and  mixed 

for  5  min. 

The  cement  and  fly 

ash  were  composited  before 

they 

were  added  to 

the  fill. 

After  mixing,  the 

container  was  scraped,  and 

the  : 

fly  ash,  cement 

,  and  water 

were  added  and  mixed 

an  additional  5  min. 

38.  Vendor  8 .  Vendor  8  added  cement,  blast  furnace  slag,  and  water  to 
the  fill  at  the  following  ASRs. 


Replicates 

WSR 

Cement 

_£ZS 

A 

0.15 

0.10 

0.40 

B 

0.15 

O.IC 

0.40 

C 

0.15 

0.10 

0.40 

The  cement,  BFS ,  and  water  were  added  to  the  fill  before  mixing  was  initiated. 
The  fill  and  additives  were  mixed  for  5  min,  the  container  was  scraped,  and 
the  mixture  was  mixed  an  additional  5  min. 

Prenar...tlon  of  clav  material  specimens 

39.  Vendor  1 .  Vendor  1  varied  the  amounts  of  water  and  additives  added 
among  replicates  for  the  clay  according  to  the  following  schedule. 
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Reolicates  WSR 

Ensoi 

Landtreat 

A  0.07 

0.08 

0.08 

B  0.03 

0.08 

0.08 

C  0.06 

0.10 

0.10 

The  additives  were  mixed  according  to 
paragraph  31) . 

the  methods 

described  for  the 

fill  (see 

40.  Vendor  2.  Vendor  2  added  cement  and  a 

chemical  reducing 

agent  to 

the  clay  at  the  following  ASRs . 

Chemical 

Replicates  USR 

Cement 

Reduclne  Aeent 

A 

0.15 

0.08 

B 

0.15 

0.08 

C 

0.10 

0.10 

Vendor  2  did  not  add  water  to  any  of  the  replicates.  The  mixing  was 

conducted 

according  to  the  methods  described  for 

preparation  of  fill  specimens 

by  Vendor 

2  (see  paragraph  32). 

41.  Vendor  3 ,  Vendor  3  added  portland  cement,  silica,  and  water  to  the 

clay  at  the  ratios  listed  below. 

Reolicates 

VSR 

Portland 

Cement 

Silica 

A 

0.23 

0.21 

0.14 

B 

0.23 

0.21 

0.14 

C 

0.23 

0.21 

0.14 

The  clay  and  additives  were  mixed  according  to  the  methods  used  by  Vendor  3 
for  the  fill  (see  paragraph  33) . 

^2.  Vendor  ^ .  Vendor  h  added  water,  cement,  a  metal  complexing 
reagent,  and  a  cementitious  reagent  to  the  clay.  Vendor  4's  cement,  metal 
complexing  reagent,  and  cementitious  reagent  additions  were  consistent  among 
replicates  at  the  ASRs  listed  below. 


Reolicates 

WSR 

Cement 

Metal 

Complex  Reaeent 

Cementitious 

Reagent 

A 

0.21 

0.20 

0.07 

0.05 

B 

0.23 

0.20 

0.07 

0.05 

C 

0.26 

0.20 

0.07 

0.05 

The  water  additions  varied  for  replicates  A,  B,  and  C.  The  mixing  process  was 
conducted  according  to  methods  used  by  Vendor  4  for  the  fill  (see  paragraph 
34). 
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clay  at  the  following  ratios . 


Renllcates 

WSR 

Cement 

Sodium 

Silicate 

A 

0.23 

0.25 

0.23 

B 

0.23 

0.25 

0.20 

C 

0.24 

0.25 

0.20 

The  cement/sodiuin  silicate/water  mixture  was  mixed  according  to  the  same 
methods  used  for  the  fill  (see  paragraph  35). 

4.4.  Vendor  6 .  Vendor  6  added  cement,  ferrous  sulfate,  and  water  to  the 
clay  for  each  of  the  replicates  at  the  ratios  listed  below. 

Ferrous 


Reolicates 

WSP 

Cement 

Sulfate 

A 

0.36 

0.20 

0.02 

B 

0.37 

0.20 

0.02 

C 

0.37 

0.20 

0.02 

The  additive/clay  mixtures  were  mixed  according  to  the  same  methods  used  by 
Vendor  6  for  the  fill  (see  paragraph  36). 

45.  Vendor  7.  Vendor  7's  additives  were  Urichem,  fly  ash,  cement,  and 

water. 


WSR 

Cement 

Flv  Ash 

UllSbeg 

0.11 

0.07 

0.42 

0.04 

0.11 

0.10 

0.40 

0.04 

0.12 

0.10 

0.40 

0.04 

Additives  were  added  in  the  order  described  for  the  fill  and  mixed  according 
to  the  methods  used  for  the  fill  (see  paragraph  37) . 

46.  Vendor  8 .  Vendor  8  added  BFS ,  water,  and  cement  to  the  FHC  clay  at 
the  following  ratios. 


Renlicates 

WSR 

Cement 

Blast 

Furnace  Sla 

A 

0.15 

0.10 

0.36 

B 

0.15 

0.10 

0.36 

C 

0.15 

0.10 

0.36 

The  mixture  was  mixed  according  to  methods  described  for  the  mixing  methods 
for  the  fill  (see  paragraph  38). 
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Detailed  Evaluation  Methods 

A7.  The  success  of  a  S/S  process  can  be  evaluated  In  a  number  of  ways. 
This  section  describes  the  protocol  of  physical  and  chemical  testing  methods 
used  to  evaluate  the  effectiveness  of  S/S. 

Physical  testing 

A8.  The  parameters  UCS,  wet/dry,  and  permeability  were  selected  to 
evaluate  the  physical  effectiveness  of  S/S.  Tests  of  specific  gravity, 
moisture  content,  bulk  density,  bleed  water,  slump,  and  set  time  were  also 
used  to  characterize  the  treated  specimens. 

49.  Unconfined  compressive  strength.  The  UCS  test  was  used  to  charac¬ 
terize  the  effects  of  the  S/S  process  on  the  strength  characteristics  of  the 
clay  and  fill  materials.  The  UCS  was  determined  according  to  ASTM  method 

D  2166  (ASTM  1990) .  The  only  deviation  from  this  method  was  vibration  or 
tamping  of  the  specimens,  as  previously  discussed  (see  paragraph  27).  The  UCS 
tests  were  performed  in  triplicate  on  3-in.-diam  by  6- in. -long  cylinders  after 
they  had  cured  for  28  days.  Triplicate  specimens  were  tested  for  each  vendor 
system.  The  surface  area  of  each  cylinder  was  determined  by  using  a  Fowler 
Max-cal  caliper.  The  force  required  to  fracture  the  specimens  was  measured 
with  a  Tinius  Olsen  Super  L  compression  apparatus.  UCS  was  reported  as  the 
pounds  per  square  inch  required  to  fracture  the  cylinder.  A  UCS  goal  of 
50  psi  was  chosen  based  on  information  found  in  the  Office  of  Solid  Waste  and 
Emergency  Response  (OSWER)  Policy  Directive  9487.00-2A  (USEPA  1986d) . 

50.  Wet/dry .  ASTM  method  D  4843-88  (ASTM  1990)  was  used  to  evaluate 
resistance  of  the  S/S  specimens  to  successive  wetting  and  drying  periods.  The 
wet/dry  test  simulates  the  effects  of  weathering  on  the  integrity  of  the  S/S 
specimens  after  28  days  of  cure.  The  wet/dry  test  uses  a  1-3/4-in. -diam  by 
3-in. -long  cylindrical  specimen.  Wet/dry  results  were  reported  as  the  average 
cumulative,  corrected  relative  mass  loss  after  each  cycle.  Triplicate  test 
and  triplicate  control  specimens  were  subjected  to  the  wet/dry  test.  One 
specimen  was  evaluated  for  moisture  content  according  to  ASTM  method  D  2216 
(ASTM  1990)  .  Loss  of  30  percent  of  the  original  dry  weight  of  the  specimen 
constitutes  failure  of  the  test. 

51.  Permeability.  Permeability  determinations  were  made  by  measuring 
the  falling  head  through  a  specimen  with  a  triaxial  cell  according  to  methods 
described  in  Engineer  Manual  1110-2-1906,  Appendix  VII  (US  Army  Corps  of 
Engineers  1970).  Permeability  tests  were  run  on  3-in. -diam  by  3-in. -long 
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cylinders  after  a  minimiom  of  28  days  for  curing.  Triplicate  readings  were 
performed  on  each  replicate.  In  some  cases,  the  specimens  were  shaved  in 
order  for  them  to  adjust  to  the  size  of  the  triaxial  cell.  Permeability  was 
calculated  as  the  time  required  for  a  certain  head  loss  through  the  specimen. 

A  peirmeability  of  1  x  10'®  cm/sec  or  a  permeability  two  orders  of  magnitude 
less  than  the  permeability  of  the  untreated  fill/clay  was  selected  as  the 
criterion  for  the  treated  specimens. 

52.  Specific  gravity.  The  specific  gravity  of  the  S/S  specimens  was 
determined  according  to  ASTM  method  D  854-33  (ASTM  1990).  Specific  gravity  of 
the  specimens  expresses  the  relationship  between  air,  water,  and  solids  in  a 
given  volume  of  material  and  was  determined  in  triplicate  for  each  vendor 
formulation  after  28  days  of  cure. 

53.  Moisture  content  determinations.  Moisture  concent  of  the  specimens 
was  reported  as  the  percentage  of  dry  solids  as  evaluated  according  to  ASTM 
method  D  2216  (ASTM  1990) .  Moisture  content  was  used  to  determine  the  water 
content  of  the  untreated  and  treated  specimens,  and  established  consistency 
among  replicates.  Moisture  contents  were  reported  in  triplicate  for  uncreated 
and  treated  specimens.  Moisture  contents  of  the  treated  fill  and  clay  were 
determined  after  28  days  of  cure. 

54.  Workability  (slump).  Workability  of  the  treated  specimens  was 
evaluated  using  the  slump  test.  ASTM  method  C  143  (ASTM  1989).  Slump  was 
determined  by  measuring  the  vertical  displacement  of  the  center  cf  the  treated 
sample  after  2.5  rain.  Slump  measurements  were  taken  in  triplicate  for  the 
clay  and  fill  material  immediately  after  preparation  of  the  formulations. 

55.  Bulk  density.  The  bulk  densities  were  determined  based  on  methods 
described  in  ASA  13  (American  Society  of  Agronomy  1965).  For  Che  uncreated 
material,  bulk  density  was  determined  on  the  materials  at  their  Proctor 
density  tn  triplicate.  The  bulk  density  of  the  Created  specimens  was  deter¬ 
mined  in  triplicate  for  each  replicate  after  28  days  of  cure, 

56-  Set  time,  Set  time  was  estimated  using  the  cone  index  (Cl) 
described  in  TM  5-530  specifications  (HQDA  1971).  Set  time  was  determined  by 
measuring  the  resistance  of  the  Created  and  untreated  fill  and  clay  to  pene¬ 
tration  of  an  airfield  penetrometer  (in  psi).  The  Cl  measurements  were  taken 
at  2-,  4-,  8-,  24-,  and  48-hr  Intervals  for  the  treated  and  untreated  speci¬ 
mens  in  triplicate  using  4-in.-diam  by  4-in. -long  cylinders. 
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57.  Bleed  water.  Bleed  water  was  measured  Immediately  after  prepara¬ 
tion  of  the  detailed  test  specimens.  Visxial  observations  were  noted  after  the 
samples  were  molded. 

58.  Cracking.  Evaluation  of  cracking  was  conducted  visually  after 
extrusion  of  the  specimens  from  the  molds.  Surface  voids  and  cracks  were 
reported  after  28  days  of  cure. 

Contaminant  release  testing 

59.  The  TCLP  and  MWEP-1  were  selected  for  evaluation  of  chromium  stabi¬ 
lization  success.  The  TCLP  standard  is  5.0  mg/L  for  chromium  (40  CFR 

Part  261),  and  the  MWEP-1  total  chromium  goal  established  for  the  FHC  soils 
was  0.05  mg/L  chromium,  based  on  the  drinking  water  maximum  concentration 
level  for  chromium. 

60.  Toxicity  Characteristics  Leaching  Procedure.  The  TCLP  extracts 
were  analyzed  for  metals  according  to  the  methods  and  within  the  time  con¬ 
straints  summarized  in  the  Federal  Register  (USEPA  1990)  and  specified  in 
SW.846  (USEPA  1986d) . 

61.  Monofllled  Waste  Extraction  Procedure-1.  The  MUEP-1  was  analyzed 
for  metals  according  to  methods  described  in  the  EPA  Technical  Resource  Docu¬ 
ment  SW-924.  Extraction  of  the  specimens  was  performed  one  tine. 

62.  Quality  assurance/qualitv  control.  The  quality  assurance/quality 
control  (QA/QC)  for  this  project  was  divided  between  WES  and  Radian,  Inc.  The 
WES  was  responsible  for  preparing  the  solidified/stabilized  soil  specimens  and 
performing  physical  tests.  Radian,  Inc.,  was  responsible  for  laboratory  QA/QC 
related  to  the  conduct  of  the  MWEP-1,  TCLP,  and  total  extractions  and  chemical 
analysis  of  the  resulting  extracts.  The  Radian,  Inc.,  QA/QC  reports  are  pre¬ 
sented  in  Appendix  G. 
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PART  III:  DISCUSSION  OF  RESULTS  FOR  FILL  MATERIAL  TESTING 


Analysis  of  Homogenization 

63.  A  major  concern  during  the  conduct  of  the  study  was  the  use  of  a 
homogenized  sample  for  the  application  of  the  vendor  S/S  processes.  An 
attempt  was  made  to  provide  each  vendor  with  a  statistically  homogeneous  sam¬ 
ple.  The  homogeneity  of  the  samples  was  evaluated  by  normalizing  the  total 
chrome  for  dilution  effects  of  binder  addition,  and  conducting  an  analysis  of 
variance  (ANOVA)  on  the  normalized  chromitim  values . 

Normalization  process 

64.  Normalization  of  the  total  chromium  and  Cr(VI)  bulk  chemistry 
analyses  Indicates  the  amount  of  total  chromium  and  Cr(VI)  in  the  samples 
presented  to  the  vendors  and  accounts  for  dilution  due  to  additives  in  the 
S/S  process.  The  normalized  total  Cr  and  Cr(VI)  for  each  vendor  was  calcu¬ 
lated  from  the  following  equat'jn  (on  a  1  kg  dry  weight  basis): 


B  (l  - 

ttJ 


(1) 


NM^jj  -  normalized  concentration  of  total  chromium  in  soil  presented  to 
the  vendors 

C^cz  “  concentration  of  total  chromium  in  the  S/S  soil  (dry  weight 
basis) 

M,  -  1  kg  dry  solids  (per  kilogram  dry  solids  basis) 

Bt  -  weight  fraction  of  fill/clay  in  S/S  waste,  calculated  as 


'  M,  *  M,  [ASR) 


'^cs/s  “  water  content  of  S/S  fill/clay 


65.  Normalized  mass  leached  concentration  (NMLC)  chromium  values  in  the 
MWEP-1  and  TCLP  were  calculated  to  compensate  for  the  dilution  effects  of 
adding  water  and  binder  to  the  fill. 
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66.  For  the  untreated  fill,  the  following  equation  was  used 


Cdr 


V,  X  W, 


(2) 


where 


Cdr  -  contaminant  mass/dry  weight  untreated  waste,  mgAS 

C,  -  untreated  fill/clay  mass  for  the  contaminant 

(calculated  as:  extract  contaminant  concentration  (mg/L; 
X  extraction  solution  volume ,  L) 


Wr  -  weight  of  fill/clay  extracted,  kg 

M,  -  solids  content  of  the  untreated  fill/clay  used  in  the  extraction 
expressed  as  a  decimal 


67.  The  equation  for  treated  NKLC  was 


Cd,  = 


X  X  Sj 


(3) 


where 


Cdt 

Ct 

Wt 

M. 


contaminant  concentration/dry  weight  waste  after  S/S,  mgAg 

S/S  fill/clay  mass  for  the  contaminant  of  interest,  mg  (calculated 

as:  extract  contaminant  concentration  (mg/L)  X  extraction 

solution  volume,  L) 

weight  of  vet  S/S  fill/clay,  kg 

solids  content  of  the  S/S  fill/clay  used  in  the  extraction, 
expressed  as  a  decimal 


68.  The  efficiency  of  the  S/S  treatment  was  calculated  from  the  follow¬ 
ing  formula: 


Eff. 


Cd,  -  Cd, 
Cdr 


X  100 


(4) 


(4) 


3^ 


Analysis  of  Variance 

69.  An  ANOVA  conducted  on  the  normalized  total  chromium  concentrations 
demonstrated  the  homogeneity  of  the  samples  received  by  the  vendors  for  their 
demonstration.  Normalization  of  the  total  chromium  in  the  fill  was  performed 
to  account  for  dilution  effects  caused  by  addition  of  additives  in  the  mixing 
process.  The  results  of  the  normalization  of  total  chromium  and  Cr(VI)  for 
bulk  chemistry  are  presented  in  Table  4.  An  analysis  of  variance  was  con¬ 
ducted  or.  the  treated  and  untreated  fill  for  normalized  total  chromium  to 
determine  variability  among  vendors;  these  results  are  presented  in  Table  5. 

Chrome  Reduction  Study 


70.  The  results  of  the  WES  chromium  (VI)  reduction  study  are  presented 
in  Table  6  and  discussed  below.  Two  additives  were  tested,  BFS  and  ferrous 
sulfate,  at  varying  dosages  and  reaction  times. 

Untreated  fill 

71.  Cr(VI)  analyses  were  conducted  in  triplicate  on  the  untreated  fill. 
The  average  concentration  was  7.74  mg/kg. 


72.  Four  ASRs  were  tested  for  the  BFS:  0.018,  0.1,  0.2,  and  0.36.  At 
the  lowest  ASR,  the  average  concentration  of  Cr(Vl)  remained  >10  mg/L  after 
24  hr.  At  an  ASR  of  0.1,  the  average  concentration  of  Cr(VI)  decreased  to 
4.57  mg/L  after  24  hr.  The  lowest  average  concentration  of  Cr(VI)  was 

3.53  mg/L  for  an  ASR  of  0.36.  An  ASR  for  BFS/fill  of  0.40  was  selected  for 
the  detailed  evaluation  due  to  more  effective  reduction  of  Cr(VI)  in  the 
BFS-treated  fill  than  in  the  ferrous  sulfate-treated  fill.  The  increase  in 
BFS  from  an  ASR  of  0.36  in  the  CRS  to  0.40  for  the  detailed  evaluation  is 
based  on  a  direct  relationship  between  increased  ASRs  to  decreased  Cr(VI) 
concentrations  demonstrated  in  the  CRS. 

73.  The  results  of  the  CRS  for  ferrous  sulfate  were  not  consistent  for 
an  additive -to- soil  ratio  of  0.00052.  The  average  concentration  was  initially 
3.78  rag/kg,  and  after  24  hr  was  5.94  mg/kg.  At  the  0.0013  ASR,  the  initial 
average  concentration  was  3.29  mg/kg  and  decreased  with  time  to  2.04  mg/kg 
after  24  hr. 
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Table  4 


Results  of  Normalizing  Total  Chromluro  and  Cr^VI^  far 
Treated  and  Untreated  Frontier  Hard  Chrome  Fill* 


Vendor 

Mean 
Total  Cr 
me/lcE 

Norm. 

Total  Cr 
mg/kg 

Mean 

Cr(VI) 

me/kE 

Norm. 

Cr(VI) 

Untreated  Fill 

“ 

1,567 

Treated  Fill 

32.0 

1 

1,090 

1,277 

0.075 

0.088 

2 

1,000 

1,268 

2.0 

2.5 

3 

790 

1,147 

3.5 

5.1 

4 

963 

1,436 

4.5 

6.3 

5 

787 

1,297 

3.6 

6.6 

6 

1,077 

1,438 

3.6 

4.8 

7 

1,147 

1,710 

3.2 

4.8 

8 

643 

1,082 

0.086 

0.10 

*  Treatment 

objective  was 

total  chromium  <0.05  mg/L. 

Table  5 


on  Untreated  Fill 

Vendor 

Mean  NMLC 
(mE/k£) 

7 

1,710 

-  -* 

1,566 

6 

1,438 

4 

1,436 

5 

1,297 

i 

1,277 

2 

1,268 

3 

1,146 

8 

1,082 

*  lintreated  fill. 
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Table  6 

Results  of  Chrome  Reduction  Study  for  Ftll* 


Reaction  Time . 

hr 

Additive-to-Soil  Ratio 

0 

2 

4 

6 

24 

Blast  fumace  slag/fill 

0.018 

11.30 

9.48 

13.53 

10.66 

10.34 

0.1 

12.92 

14.84 

11.13 

4.86 

4.57 

0.2 

7.70 

7.78 

7.67 

5.58 

4.00 

0.36 

3.44 

9.81 

7.75 

7.44 

3.53 

Ferrous  sulfata/fill 

0.0052 

3.78 

3.71 

1.43 

1.57 

5.94 

0.013 

3.29 

1.59 

1.50 

1.30 

2.04 

Note:  Average  Cr(VI)  concentration  in  the  untreated  fill  was  7.74  mg/kg. 
*  Results  are  presented  as  mg/kg  of  Cr(VI). 


Initial  Screening  Test  Results 

74.  The  results  of  the  initial  screening  test  on  the  fill  conducted  by 
WES  are  suranarized  below.  The  detailed  results  are  presented  in  Appendix  A. 
Each  time  a  stabilization  process  was  applied,  a  batch  of  material  was  gener¬ 
ated.  As  shown,  8  batches  each  of  solidified  fill  were  prepared  for  the 
cement,  and  15  batches  were  prepared  for  the  lime/fly  ash  process. 

Cement  binder 

75.  In  the  initial  screening  test,  water  ratios  of  0.1  and  0.3  were 

tested  to  evaluate  the  effects  of  water  addition  on  strength  development. 
After  24  hr,  a  0.1  ASR/0.1  WSR  gained  strength  >750  psi.  At  ASRs  of  0.4  and 

0.7  combined  with  a  WSR  of  0.1,  Cl  values  were  >750  psi  after  3  hr  of  cure. 

At  the  0. 1/1.4  WSR/ASR,  Cl  values  >750  psi  were  measured  after  1  hr  of  cure. 

A  WSR/ASR  of  0. 3/0.1  had  an  average  Cl  measurement  of  100  psi  after  24  hr  of 
cure.  ASRs  of  0.4,  0.7,  and  1.4  with  a  WSR  of  0.3  had  Cl  values  >750  psi 

after  24  hr.  The  0.1  ASR  tested  with  a  WSR  of  0.1  gained  strengths  >750  psi 

with  sufficient  hydration  of  the  sample  and  was  the  basis  of  selection  of  a 
0. 1/0.1  WSR/ASR  for  detailed  evaluation. 

Lime/flv  ash  binder 

76.  The  0.4/0. 1  lime/fly  ash  ASR  combined  with  a  WSR  of  0.1  was  the 
only  mixture  with  a  Cl  value  approaching  750  psi.  The  average  Cl  value  after 
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Ik  hr  for  the  0.4/0. 1/0.1  lime/fly  ash/water  ASR/WSR  mixture  was  703  psi.  The 
highest  average  Cl  value  after  24  hr  for  a  WSR  of  0.3  was  280  psi.  Cement  was 
selected  by  WES  for  evaluation  because  of  its  greater  strength  development 
than  lime/fly  ash.  No  further  evaluations  of  lime/fly  ash  treatment  of  the 
FHC  fill  were  conducted. 

Results  of  Physical  Testing  of  Fill  Material 

77.  The  results  of  the  bulk  density,  Atterberg  limits,  Proctor  density, 
UCS,  permeability,  specific  gravity  and  set  time  for  the  untreated  fill  are 
summarized  in  Table  7.  The  results  of  grain  size  and  moisture  content  analy¬ 
ses  for  the  fill  are  presented  in  Appendix  B. 

UCS  results 

78.  UCS  measurements  were  performed  in  triplicate  for  each  replicate 
after  28  days  of  cure.  Figure  6  presents  the  results  of  the  UCS  tests  con¬ 
ducted  on  the  treated  fill.  All  specimens  developed  strengths  greater  than 
the  50-psi  criterion. 

79.  Untreated  fill.  The  untreated  specimens  were  prepared  at  the 
Proctor  density  and  cured  for  28  days  but  were  not  cohesive  enough  to  conduct 
UCS  tests  on  the  replicates.  Specimens  were  cured  for  28  days  to  enable 
direct  comparison  with  the  results  obtained  with  the  treated  specimens,  which 
were  also  cured  for  28  days.  Curing  also  allowed  the  evaluation  of  the 
untreated  fill  material  for  self-setting  properties. 

80.  Vendor  1 ,  The  Ensol/Landtreat  process  did  not  produce  cementitious 
properties.  Extrusion  of  the  samples  from  the  molds  damaged  the  replicates  to 
such  an  extent  that  no  UCS  measurements  could  be  made . 

81.  Vendor  2 .  The  average  UCS  values  of  replicates  A,  B,  and  C  were 
231,  118,  and  105  psi,  respectively.  UCS  measurements  were  taken  on  only  one 
specimen  of  replicate  C  due  to  fracture  of  two  specimens  during  extrusion. 

ASRs  for  the  chemical  reducing  agent  varied  among  replicates,  possibly  causing 
the  wide  range  in  UCS  results.  All  specimens  evaluated  had  UCSs  >50  psi. 

82.  Vendor  3 .  Average  UCS  values  for  replicates  A,  B,  and  C  were  455, 
481,  and  565  psi,  respectively.  Vendor  3  was  consistent  in  ASRs  of  Portland 
cement  and  silica  to  the  replicates,  and  all  replicates  developed  strengths 
greater  than  50  psi. 

83.  Vendor  4.  The  average  UCS  readings  for  replicates  A,  B,  and 

C  were  351,  383,  and  153  psi,  respectively.  Although  Vendor  4  added  the  same 
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Table  7 

Results  of  Physical  Tests  Conducted  on  Untreated  Fill 


Reolicate 

Parameter 

A 

B 

C 

Bulk  density,  pcf 

86.4 

84.2 

77.8 

Proctor  density,  pcf 

149.7 

150.3 

148.4 

Specific  gravity 

2.70 

2.69 

2.69 

Resistance  to 

penetration,  psi* 

87 

113 

110 

Permeability , 
cm/sec* 

8.59E-05 

2.83E-04 

5.56E-05 

UCS,  psi 

N/A 

N/A 

N/A 

Moisture , 

%  dry  weight** 

28.77 

26.22 

27.45 

Atterberg  limits 

Plasticity  index 

5 

4 

10 

Liquid  limit 

37 

44 

43 

Plastic  limit 

32 

40 

33 

*  Represents  an  average  of  three  replicates. 
**  Represents  an  average  of  33  replicates. 


g 


Figure  6.  28-day  UCS  results  for  th 
FHC  fill 


amount  of  binder  to  each  replicate,  replicate  C  developed  less  strength  than 
replicates  A  and  B.  The  reactions  within  S/S  processes  are  not  clearly  under¬ 
stood,  and  explanations  for  higher/lower  strength  development  are  not  easily 
determined.  All  replicates  developed  strengths  greater  than  50  psi. 

84.  Vendor  5 .  The  average  UCS  values  for  replicates  A,  B,  and  C  were 
620,  324,  and  678  psi,  respectively.  Although  Vendor  5  used  the  same  ASR  and 
WSR  for  all  replicates,  two  specimens  of  replicate  B  had  UCSs  of  251  and 

176  psi,  while  the  remaining  UCSs  were  greater  than  500  psi. 

85.  Vendor  6 ,  The  average  UCS  values  were  154,  204,  and  97  psi,  for 
replicates  A,  B,  and  C,  respectively.  Although  the  same  ASRs  were  used 
throughout  the  Vendor  6  demonstration,  the  average  UCS  of  replicate  B  was 
twice  the  average  UCS  of  replicate  C.  All  replicates  developed  strengths 
greater  than  50  psi. 

86.  Vendor  7 ■  The  average  UCS  values  for  rf;plicates  A,  B,  and  C  were 
195,  125,  and  171  psi,  respectively.  Two  specimens  of  replicate  B  gained  less 
strength  (88  and  89  psi)  Chan  the  other  specimen  (198  psi).  Vendor  7  added 
ASRs  of  0.058  cement  and  0.052  cement  Co  replicates  A  and  C,  respectively,  and 
an  ASR  of  0.049  to  replicate  3.  The  lower  ASR  used  for  replicate  B  may  have 
resulted  in  the  lower  UCS  values.  All  replicate  UCSs  were  greater  than  the 
50-psi  criteria. 

87.  Vendor  ,8 ,,  The  average  UCS  values  for  Vendor  8  were  1,190,  1,175, 
and  1,032  psi  for  replicates  A,  B,  and  C,  respectively.  Vendor  8  ASRs  and 
WSRs  were  consistent  among  replicates.  Vendor  8  specimens  developed  the 
highest  strengths  of  any  process  evaluated.  One  specimen  of  replicate 

C  developed  less  strength  chan  the  remaining  replicates  (774  psi),  but  all 
replicates  gained  strengths  much  greater  Chan  50  psi. 

Wet/drv  results 

88.  To  determine  Che  durability  of  the  specimens,  the  wet/dry  test  was 
conducted  on  three  test  specimens  and  three  control  specimens  after  28  days  of 
cure.  Moisture  contents  were  determined  on  one  specimen  in  order  to  evaluate 
the  percent  solids  loss  for  the  specimens.  The  specimens  were  subjected  to  12 
cycles  of  wetting  and  drying,  and  the  weight  of  the  specimen  was  taken  after 
each  cycle  to  determine  the  loss  during  that  cycle.  The  average  results  of 
the  wet/dry  test  for  the  fill  are  presented  in  Table  8.  The  detailed  results 
by  replicate  are  presented  in  Appendix  C. 
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ACCRML  After 

Test  Specimen 

Control  Specimen 

Vendor 

12  Cvcles.  e 

C%  Loss) 

f%  Loss) 

1 

NA 

100 

100 

2 

-0.11* 

0.32 

0.42 

3 

-0.07* 

0.23 

0.30 

4 

-0.08* 

0.39 

0.47 

5 

-0.11* 

0.36 

0.47 

6 

-0.05* 

0.49 

0.53 

7 

-0.24* 

0.83 

1.07 

8 

0.03 

0.17 

0.01 

Goal 

30 

30 

*  Negative  result  due  to  greater  average  relative  mass  loss  In  control  sample 
than  In  treated  sample. 


89.  Vendor  1 .  The  wet/dry  specimens  prepared  by  Vendor  1  did  not 
develop  sufficient  durability  and  failed  the  wet/dry  test  after  one  cycle.  The 
test  and  control  specimens  deteriorated  when  subjected  to  the  water-addition 
poition  of  the  cycle,  and  100  percent  of  the  specimen  solids  was  lost. 

90.  Vendor  2.  The  wet/dry  test  and  control  specimens  prepared  by 
Vendor  2  passed  12  cycles  of  the  wet/dry  test.  There  was  no  significant  loss 
of  material  from  the  specimens  during  the  12  wet/dry  cycles.  The  average 
percent  solids  lost  from  the  test  specimens  was  0.32  percent,  and  the  percent 
solids  lost  from  the  controls  was  0.42  percent.  The  average  cumulative, 
corrected  relative  mass  loss  (ACCRML)  after  12  cycles  was  -0.11  g  for  the 
fill.  The  negative  result  is  due  to  a  greater  mass  loss  in  the  control 
specimens  than  in  the  test  specimens. 

91.  Vendor  3 .  The  test  specimens  lost  0.23  percent  of  the  solid  mass 
in  12  cycles,  and  the  controls  lost  0.30  percent  in  12  cycles.  Specimens  for 
the  fill  had  an  ACCRML  of  -0.07  g.  The  control  specimens  lost  more  mass  than 
the  test  specimens;  therefore,  the  result  of  the  ACCRML  was  negative.  All 
test  and  control  specimens  passed  12  cycles  of  the  wet/dry  test. 

92.  Vendor  4.  The  test  and  control  specimens  lost  averages  of  0.39  and 
0.47  percent  of  the  solid  mass,  respectively.  The  ACCRML  results  of  the  wet/ 
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dry  test  for  the  test  and  control  specimens  vere  -0.08  g.  The  control  speci¬ 
mens  lost  slightly  more  sample  the  the  test  specimens,  but  there  was  no  sig¬ 
nificant  loss  of  sample  from  the  test  or  control  specimens.  All  specimens 
passed  12  cycles  of  the  wet/dry  test. 

93.  Vendor  5 .  The  test  and  control  specimens  prepared  by  Vendor 

5  passed  12  cycles  of  the  wet/dry  test.  The  average  solids  loss  for  the  test 
and  control  specimens  was  0.36  and  0.47  percent,  respectively.  There  was  a 
greater  mass  loss  from  the  controls  than  the  test  specimens,  which  is  repre¬ 
sented  by  an  ACCRML  of  -0.11  g. 

94.  Vendor  6,  The  average  solids  loss  from  the  test  and  control  speci¬ 
mens  was  0.49  and  0.53  percent,  respectively.  The  ACCRML  for  the  test  and 
control  specimens  prepared  by  Vendor  6  was  -0.05  g.  The  control  specimens 
lost  slightly  more  sample  than  the  test  specimens,  causing  a  negative  ACCRML. 
All  specimens  passed  12  cycles  of  the  wet/dry  test. 

95.  Vendor  7.  The  test  and  control  specimens  passed  12  cycles  of  the 
wet/dry  test  with  an  average  solids  loss  of  0.83  percent  and  1.07  percent, 
respectively.  The  control  specimens  lost  more  cumulative  sample  than  the  test 
specimens,  and  as  a  result,  the  ACCRML  was  -0.24  g. 

96.  Vendor  8 .  The  average  solids  loss  for  the  test  and  control  speci¬ 
mens  was  0.17  and  0.01  percent,  respectively.  The  ACCRML  for  the  Vendor  8 
test  and  control  specimens  was  0.03  g.  Tne  test  specimens  lost  more  mass  than 
the  control  specimens,  but  all  specimens  passed  12  cycles  of  the  wet/dry  test. 
Permeability  results 

97.  The  results  of  the  permeability  test  conducted  on  the  untreated  and 
treated  fill  are  summarized  in  Table  9  and  represented  in  Figure  7.  Tripli¬ 
cate  readings  were  conducted  on  each  replicate  to  obtain  an  average  permeabil¬ 
ity  after  28  days  of  cure.  Detailed  results  of  permeability  testing  are 
presented  in  Appendix  C, 

98.  Untreated  fill.  The  specimens  were  prepared  at  the  Proctor  density 
and  cured  for  28  days.  The  average  permeabilities  of  replicates  A,  B,  and  C 
were  8.59E-05,  2.83E-04,  and  5.56E-05  cm/sec,  respectively.  The  average 
permeability  of  the  replicates  is  1.4E-04  cm/sec. 

99.  Vendor  1.  The  average  results  for  the  triplicate  readings  of  the 
permeability  tests  conducted  on  replicates  B  and  C  were  6.52E-07  and 
1.02E-06  cm/sec,  respectively.  No  readings  were  taken  for  rep '.icate  A  because 
of  the  destruction  of  the  replicates  during  extrusion  from  the  molds.  Repli¬ 
cate  A  contained  the  highest  percentage  of  water  added  and  the  lowest 
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Table  9 


Sunniarv  of  Ferraeabllltv  Test  Results  for  the  Fill 


Replicate 

Average  Permeability 
cm/sec 

A 

8.59E-05 

B 

2.83E-04 

C 

5.56E-05 

Vendor  1 

A 

NA 

B 

6.52E-07 

C 

1.02E-06 

Vendor  2 

A 

3.04E-05 

B 

1.61E-04 

C 

3.62E-05 

Vendor  3 

A 

2.89E-06 

B 

1.41E-06 

C 

1.62E-06 

Vendor  4 

A 

1.02E-05 

B 

7.15E-06 

C 

9.38E-07 

Vendor  5 

A 

2.33E-07 

B 

3.47E-06 

C 

4.92E-06 

Vendor  6 

A 

1.79E-05 

B 

7.45E-06 

C 

6.36E-06 

Vendor  7 

A 

1.17E-05 

B 

9.98E-07 

C 

1.34E-06 

Vendor  8 

A 

l,15E-07 

B 

NA 

C 

3.00E-06 

*  Untreated  fill. 


percentage  of  binder  added  in  the  soil/additive  mixture  prepared  for  the  three 
replicates.  None  of  the  replicates  attained  the  criteria  of  lE-08  cm/sec. 

100.  Vendor  2.  The  average  permeabilities  of  replicates  A,  B,  and 
C  were  3.04E-05,  1.61E-04,  and  3.62E-05  cm/sec,  respectively.  Tne  average 
permeability  of  the  treated  replicates  was  7.59E-05  cm/sec.  None  of  the 
replicates  attained  the  criteria  of  lE-08  cm/sec. 

101.  Vendor  3.  The  average  permeabilities  of  replicates  A,  B,  and  C 
were  2.89E-06,  1.41E-06,  and  1.62E-06  cm/sec,  respectively.  The  average 
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*  Crttoria  lor  p«rm«ablllty  last 

Figure  7.  28-day  permeability  results  for  FHC  fill 


permeabilities  of  the  triplicate  readings  of  replicate  B  and  C  were  orders  of 
magnitude  less  than  the  permeabilities  of  the  untreated  fill.  The  average 
permeabilities  of  replicates  A  and  C  of  the  treated  fill  were  one  order  of 
magnitude  less  than  the  permeabilities  of  replicates  A  and  C  for  the  untreated 
fill.  The  permeabilities  were  greater  than  the  lE-08  cm/sec  criteria. 

102.  Vendor  4.  The  average  permeabilities  for  the  three  replicates  A, 
B,  and  C  were  1.02E-05,  7.15E-06,  and  9.38E-07  cm/sec,  respectively.  None  of 
the  replicates  was  two  orders  of  magnitude  less  than  the  permeabilities  of  the 
untreated  fill,  and  all  were  greater  than  the  lE-08  cm/sec  criteria  for  perme¬ 
ability  of  the  treated  fill. 

103.  Vendor  5 .  Replicate  A  had  an  average  permeability  two  orders  of 
magnitude  less  than  the  permeability  of  the  untreated  fill  at  2.33E-07  cm/sec. 
Replicates  B  and  C  were  one  order  of  magnitude  less  than  the  permeability  of 
the  untreated  fill  at  3.47E-06  and  4.92E-06  cm/sec,  respectively.  None  of  the 
replicates  attained  the  criteria  of  lE-08  cm/sec. 

104.  Vendor  6 .  The  average  permeabilities  were  1.79E-05,  7.45E-06,  and 
6.36E-06  cm/sec  for  replicates  A,  B,  and  C,  respectively.  All  permeability 
readings  were  greater  than  lE-08  cm/sec.  The  reduction  in  permeability  due  to 
treatment  was  approximately  one  order  of  magnitude. 

105.  Vendor  7 .  The  average  permeabilities  for  replicates  A,  B,  and 

C  were  1.17E-05,  9.98E-07,  and  1.34E-06  cm/sec,  respectively.  Compared  to  the 


44 


SaE3S 


untreated  fill,  the  Vendor  7  S/S  process  reduced  the  permeability  of  the  fill 
by  one  order  of  magnitude.  The  average  permeability  of  the  three  replicates 
was  4.68E-6  cm/sec.  None  of  the  replicates  was  permeable  at  the  rate  of 
lE-08  cm/sec  or  less. 

106.  Vendor  8.  The  average  permeabilities  of  replicates  A  and  C  were 
1.15E-07  and  3.00E-06  cm/sec,  respectively.  The  operator  was  unable  to  satu¬ 
rate  replicate  B  with  water  and  was  therefore  unable  to  record  permeability 
readings  for  that  replicate.  None  of  the  replicates  had  permeabilities  less 
than  lE-08  cm/sec,  and  the  Vendor  8  treatment  process  did  not  reduce  the 
permeability  by  two  orders  of  magnitude. 

Bulk  density 

107.  The  bulk  density  was  measured  in  triplicate  for  each  replicate, 
and  the  results  are  presented  in  Appendix  C. 

Volumetric  change 

108.  Based  on  the  bulk  density  of  the  treated  material  and  the  Proctor 
density  of  the  untreated  fill,  the  volumetric  change  caused  by  the  addition  of 
binders  was  calculated  and  the  results  are  summarized  in  Table  10  and  pre¬ 
sented  in  Figure  8.  The  volumetric  change  was  calculated  using  Equations 

5-7  below. 


(5) 


where 


”  volume  of  fill/clay 


W,  -  weight  of  fill/clay 

Dj  -  Proctor  density  of  the  untreated  fill/clay 


''2  - - 


^2 
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Table  10 


Results  of  Volumetric  Change  Calculations  for  the  Fill 


Bulk  Density 


Vendor  Replicate  Ib/ft^ 

--■*  A  86 

B  84 

C  78 

1  A  149 

B  148 

C  143 

2  A  125 

B  121 

C  129 

3  A  116 

B  121 

C  125 

4  A  106 

B  ICO 

C  98 

5  A  109 

B  111 

C  110 

6  A  109 

B  112 

C  113 

7  A  123 

B  123 

C  123 

8  A  117 

B  116 

C  117 


*  Untreated  fill. 


Volumetric 
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15 

13 

21 

44 

56 

52 

74 

69 
72 

89 
99 
99 

99 

98 

95 

68 

64 

61 

70 
70 
68 

93 

95 

90 
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Figure  8.  Volumetric  change  due  to  th*’  addition  of 
additives  for  FHC  fill 


where 


V2  -  voltune  of  binder  and  fill/clay 
R  -  binder-to-soil  ratio  (BSR) 

Da  -  bulk  density  of  fill/clay  and  binder 


%  Volumetiic  Change  =  — 2__ — L. 


(7) 


109.  It  should  be  noted  that  the  volumetric  increases  are  substantially 
higher  than  those  reported  in  the  literature.  This  results  from  the  use  of 
the  Proctor  density  as  the  baseline  for  measuring  the  volumetric  increase. 

110.  Untreated  fill.  The  Proctor  density  for  the  untreated  fill  was 
1A9.7,  150.3,  and  148.4  Ib/ft^  for  replicates  A,  B,  and  C,  respectively.  The 
bulk  density  for  the  untreated  fill  was  86.4,  84.2,  and  77.8  Ib/ft^  for  repli¬ 
cates  A,  B,  and  C,  respectively. 

111.  Vendor  1 .  The  Vendor  1  process  increased  the  volume  for  repli¬ 
cates  A,  B,  and  C  by  15,  13,  and  21  percent,  respectively.  Compared  to  the 
remaining  vendors.  Vendor  I's  process  produced  the  smallest  volumetric 
increase  in  the  fill. 
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112.  Vendor  2 .  The  Vendor  2  process  increased  the  volume  required  for 
the  treatment  of  the  fill  due  to  the  addition  of  cement  and  a  chemical  reduc¬ 
ing  agent.  The  volumetric  increases  for  the  average  bulk  densities  were  44, 
56,  and  52  percent,  for  replicates  A,  B,  and  C,  respectively. 

113.  Vendor  3.  Vendor  3  Increased  the  volume  of  the  fill  through  the 
addition  of  additives  by  74,  69,  and  72  percent,  for  replicates  A,  B,  and  C, 
respectively,  based  on  average  bulk  densities. 

114.  Vendor  4 .  Vendor  4  addea  cement,  a  metal  complex  reagent,  and  a 
cementitious  reagent,  causing  an  89-,  99-,  and  99-percent  volumetric  incre-’.se 
for  replicates  A,  B,  and  C,  respectively.  The  addition  of  binders  approxi¬ 
mately  doubled  the  volume  of  the  fill. 

115.  Vendor  5 .  Vendor  5  doubled  the  volume  of  the  fill  by  adding 
cemant  and  sodium  silicate.  The  volumetric  Increase  was  99,  98,  and  95  per¬ 
cent  for  replicates  A,  B,  and  C,  respectively,  representing  the  greatest  volu¬ 
metric  increase  for  the  fill  among  the  vendors. 

116.  Vendor  6.  Vendor  6  had  volumetric  increases  of  68,  64,  and 
61  percent  for  replicates  A,  B,  and  C,  respectively. 

117.  Vendor  7 .  Vendor  7  produced  volumetric  increases  of  70,  70,  and 
68  percent  for  replicates  A,  B,  and  C,  respectively,  on  the  basis  of  average 
bulk  densities.  Vendor  7  added  an  ASR  of  0.30  fly  ash  to  the  fill  that  may 
have  contributed  greatly  to  the  volume  increase. 

118.  Vendor  8 .  Vendor  8  approximately  doubled  the  volume  required  for 
treatment  of  the  fill.  The  volumetric  increases  for  replicates  A,  B,  and  C 
were  93,  95,  and  90  percent,  respectively.  The  volumetric  increase  may  be 
largely  attributed  to  the  0.40  ASR  for  blast  furnace  slag  adaed  to  the  fill. 
Slump 

119.  The  slump  was  measured  for  each  replicate  of  the  fill  immediately 
after  the  mixing  process  was  complete.  When  two  consecutive  tests  showed  a 
falling  away  characteristic,  the  mixture  lacked  cohesiveness.  Thus,  the  slump 
test  was  not  applicable.  The  results  of  the  slump  test  are  presented  in 
Appendix  C  and  discussed  below. 

120.  Vendor  1  slumps  for  replicates  A,  B,  and  C  were  7,  0,  and 

1.25  in.,  respectively.  Replicate  B  showed  the  least  slump,  which  may  be 
related  to  no  water  being  added  to  the  replicate  mixture.  Slumps  of  0  in. 
were  calculated  for  all  replicates  of  mixtures  from  Vendors  2,  3,  4,  and  7. 
Vendor  5  slumps  were  measured  for  replicates  A,  B,  and  C  and  were  8,  6.5,  and 

7.25  in.,  respectively,  and  Vendor  8  slumps  were  1.25,  0.25,  and  0  in.  for 
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replicates  A,  B,  and  C,  respectively.  Vendor  6  mixtures  were  not  free¬ 
standing,  and  slump  measurements  were  not  available. 

Moisture  results 

121.  The  results  of  moisture  content  tests  conducted  on  the  treated 
fill  are  presented  in  Appendix  C.  Moisture  tests  were  performed  in  triplicate 
for  each  replicate  of  the  treated  fill  after  28  days  of  cure. 

Set  time 

122.  The  results  of  the  set  time  conducted  on  the  treated  fill  after 
2,  4,  8,  24,  and  48  hr  of  cure  are  presented  in  Appendix  C.  Cl  readings  were 
taken  in  triplicate  for  each  curing  time. 

Specific  gravity 

123.  The  specific  gravities  were  measured  in  triplicate  for  the  treated 
fill  after  28  days  of  cure  and  are  presented  in  Appendix  C. 

Bleed  water 

124.  Vendor  I's  specimens  had  a  layer  of  free  water  approximately  2  mm 
thick  on  the  surface  of  replicate  A  for  the  fill.  Vendor  5  had  a  layer  of 
free  water  approximately  1  mm  in  thickness  on  the  surface  of  the  fill  speci¬ 
mens.  The  Vendor  3,  7,  and  8  specimens  had  a  layer  of  free  water  approxi¬ 
mately  1  mm  thick  on  the  surface  of  the  fill  specimens.  Specimens  prepared  by 
the  remaining  vendors  (Vendors  2,  4,  and  6)  did  not  have  a  layer  of  free  water 
on  their  surface. 

Cracking 

125.  Vendor  I's  specimens  did  not  have  cementitious  properties.  The 
replicate  C  specimens  deformed  when  extruded  from  the  molds.  One  specimen  of 
replicate  C  for  the  fill  prepared  by  Vendor  2  was  cracked  around  the  middle 
and  broke  in  half  during  dimensional  measurements.  Specimens  from  Vendors  3 
and  4  had  small  voids  in  each  of  the  replicates  for  the  fill.  Vendor  5's 
specimens  had  cracks  in  three  replicates  for  the  fill.  Vendor  7's  specimens 
had  voids  in  each  of  their  replicates  for  the  fill.  The  Vendor  8  specimens 
had  cracks  approximately  2  to  3  mm  in  length  on  three  replicate  fill 
specimens . 


Results  of  Contaminant  Release  Testing 


MWEP-1  result-s 

126.  The  results  of  the  mean  total  chromium  and  Cr(VI)  concentrations 
in  the  MWEP-1  for  treated  and  untreated  fill  for  each  vendor  S/S  process  are 
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presented  in  Appendix  C.  Figure  9  represents  the  MWEP-1  concentrations  for 
total  chromium,  and  Figure  10  represents  the  MWEP-1  results  for  Cr(VI) . 

127.  Untreated  fill.  The  results  of  the  MWEP-1  run  on  the  untreated 
fill  were  above  the  0.05-mg/L  drinking  water  standard  for  total  chromium  by  a 
factor  of  10.  Triplicate  analyses  of  the  MWEP-1  extracts  provided  a  mean 
total  chromium  concentration  of  0.40  mg/L.  The  mean  Cr(VI)  concentration  was 
0.35  mg/L.  The  majority  of  the  total  chromium  MWEP-1  concentration  exists 

as  Cr(VI). 

128.  Vendor  1 .  Mean  concentrations  for  Cr(VI)  and  total  Cr  were 
<0.029  and  0.115  mg/L,  respectively.  The  total  chromium  concentration  was 
twice  the  0.05  mg/L  standard  assigned  to  MWEP-1  leachates  for  total  chromium. 

129.  Vendor  2.  Mean  concentrations  for  Cr(VI)  and  total  Cr  were 
0.147  mg/L,  meaning  the  Cr  existed  as  Cr(VI).  The  total  Cr  concentration 
tripled  the  0.05 -mg/L  drinking  water  standard  designated  in  the  remedial 
design  objectives. 

130.  Vendor  3 ,  The  mean  Cr(VI)  and  total  Cr  concentrations  were 
0.073  and  0.078  mg/L,  respectively.  Most  of  the  Cr  exists  in  the  extract  as 
Cr(VI) .  Total  Cr  concentrations  were  above  the  0.05'mg/L  criterion  as  a 
result  of  the  presence  of  Cr(VI). 

131.  Vendor  4.  The  mean  Cr(VI)  and  total  Cr  concentrations  were 
0.12  and  0.13  mg/L,  respectively.  Total  Cr  concentration  exceeded  the 
0.05-mg/L  criterion  as  a  result  of  the  presence  of  Cr(VI) . 

132.  Vendor  5 .  The  mean  Cr(VI)  and  total  Cr  concentrations  were 
0.099  and  0.10  ng/L,  respectively.  Host  of  the  total  Cr  present  was  in  the 
form  of  Cr(VI) .  The  total  Cr  concentration  was  twice  the  0.05-mg/L  criterion. 

133.  Vendor  6 ,  The  mean  Cr(VI)  and  total  Cr  concentrations  were 
0.1?  and  0.11  mg/L,  respectively.  The  total  Cr  was  twice  the  0.05-mg/L 
criterion.  The  bulk  of  the  total  Cr  was  in  the  form  of  Cr(VI) . 

134.  Vendor  7 .  The  mean  concentrations  of  Cr(VI)  and  total  Cr  in  the 
MWEP-1  extracts  were  0,11  and  0.10  mg/L,  respectively.  The  mean  concentration 
of  Cr(VI)  exceeded  the  mean  total  Cr  concentration.  One  replicate  Cr(VI)  con¬ 
centration  exceeded  the  total  Cr  concentration  by  0,033  mg/L,  causing  a 
greater  mean  Cr(VI)  concentration.  The  tot^l  Cr  was  present  in  the  form  of 
Cr(VI).  Total  Cr  in  the  MWEP-1  extract  exceeded  the  drinking  water  standard 
of  0.05  mg/L. 
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135.  Vendor  8 .  The  mean  Cr(VI)  concentration  -a  the  MWEP-1  extract  was 
<0.033  mg/L.  The  mean  total  Cr  concentration  was  0.071  mg/L.  Two  replicates 
had  concentrations  of  0.051  and  0.052  mg/L,  only  slightly  higher  than  the 
0.05-mg/L  criterion.  Total  Cr  concentration  exceeded  the  O.OS-mg/L  criterion 
established  in  the  remedial  design  objectives.  Most  of  the  Cr  present  in  the 
MWEP-1  extract  was  in  the  form  of  Cr(lII). 

TCLP  results  for  fill 

136.  The  mean  concentrations  of  total  chromium  and  Cr(VI)  in  the  TCLP 
conducted  on  treated  and  untreated  FHC  fill  are  presented  in  Appendix  C  and 
discussed  below.  Figures  11  and  12  represent  the  results  of  the  TCLP  for 
total  chromiiim  and  Cr(VI). 

137.  Untreated  fill.  The  criterion  for  total  chromium  concentration  in 
TCLP  leachates  is  5.0  mg/L  (40  CFR  261).  The  concentration  of  total  chromium 
in  the  replicates  was  0.16,  0.16,  and  0.081  mg/L,  with  a  mean  of  0.13  mg/L. 

Ur (VI)  concentrations  were  all  <0.020  mg/L.  The  replicate  total  chromium  and 
Cr(VI)  concentrations  were  all  below  the  5.0-mg/L  criterion  for  total 
chromium. 

138.  Vendor  j,  The  replicate  total  chromium  concentrations  in  the  Ven¬ 
dor  1  leachates  were  2.0,  2.3,  and  2.2  mg/L.  The  mean  total  chromium  concen- 

in  the  TCLP  leachates  was  2.2  mg/L.  Cr(VI)  concentrations  of  the 
replicates  were  <0.020  mg/L.  The  chromium  present  was  in  the  trivalent  form. 

13^'  ]Zg.ndpr — 2_^  The  replicate  total  chromium  TCLP  concentrations  in  the 
Vendor  2  leachates  were  0.049,  0.065,  and  0.026  mg/L.  The  replicate  Cr(VI) 
concentrations  were  0.028,  0.038,  and  <0.021  mg/L.  The  TCLP  concentrations 
were  below  the  5.0-mg/L  criterion  for  chromium  in  the  TCLP. 

140.  Ve-ndo..r._ 3 ^  The  concentrations  of  Cr(VI)  in  the  TCLP  conducted  on 
the  treated  fill  were  0.068,  0.058,  and  0.050  mg/L.  The  concentrations  were 
below  the  criterion  of  5.0  mg/L.  The  total  chromium  concentrations  were 
0.079,  0.032,  and  0.062  mg/L. 

I'il.  Vendor  4,  The  mean  total  chromium  concentration  for  the  repli¬ 
cates  was  0.12  mg/L.  The  replicate  concentrations  were  below  the  5.0-mg/L 
criterion.  The  chromium  present  in  the  leachates  was  in  the  trivalent  form, 
shown  by  concentrations  of  Cr(VI)  of  <0.020,  <0.020,  and  0.042  mg/L. 

1*^2.  Vendor  5 .  The  concentrations  of  total  chromium  in  the  TCLP  were 
0.62,  0.63,  and  0.33  mg/L.  The  concentrations  of  Cr(VI)  were  0.61,  0.67,  and 
0.32  mg/L.  The  chromium  present  was  in  the  hexavalent  form. 


52 


53 


143.  Vendor  6 ,  The  concentrations  of  total  chromium  were  0.11,  0.028, 
and  0.032  mg/L.  Two  replicate  concentrations  of  Cr(VI)  were  <0.020  mg/L,  and 
the  other  replicate  concentration  was  0.033  mg/L.  The  concentrations  of 
chromium  in  the  TCLP  were  all  less  than  5.0  mg/L. 

144.  Vendor  7 .  The  concentrations  of  Cr(VI)  were  all  <0.020  mg/L.  The 
concentrations  of  total  chromium  were  4.7,  3.7,  and  4.1  mg/L.  Chromium  is 
present  in  the  trivalent  form.  The  total  chromium  concentrations  were  below 
the  5.0-mg/L  criterion. 

145.  Vendor  8 .  The  Cr(VI)  concentrations  were  all  <0.020  mg/L.  The 
total  chromium  concentrations  were  1.8,  1.8,  and  1.9  mg/L.  Chromium  was 
present  as  Cr(III).  The  mean  total  chromium  concentration  was  1.8  mg/L,  and 
all  concentrations  were  <5.0  mg/L. 

Effects  of  Dilution  on  Leaching 


MWEP-1  results  for  fill 

146.  Untreated  fill.  The  mean  NMLC  for  total  chromium  and  Cr(VI)  was 
5.01  and  4.48  mg/kg,  respectively.  Based  on  the  NMLCs  for  MWEP-1  conducted  on 
the  fill  for  total  chromium  and  Cr(VI),  the  efficiency  of  the  treatment  pro¬ 
cesses  was  evaluated. 

147.  Vendor  1 .  The  mean  normalized  mass  total  chromium  leached 
(MNMTCL)  in  the  MUEP-1  was  1.742  mg/kg,  65  percent  less  than  the  MNMTCL  in  the 
mean  MWEP-1  for  the  untreated  fill.  Normalization  of  the  MWEP-1  Cr(VI)  con¬ 
centrations  presented  Cr(VI)  leached  at  a  mean  of  0.443  mg/kg,  representing  a 
90-percent  reduction  in  the  mean  normalized  mass  Cr(VI)  leached  (MNMCSL)  com¬ 
pared  to  the  untreated  fill. 

148.  Vendor  2 ■  The  MNMTCL  in  the  MWEP-1  presented  was  59  percent  less 
than  the  MNMTCL  in  the  MWEP-1  conducted  on  the  untreated  fill,  and  the  MNMCSL 
was  reduced  by  54  percent  compared  to  the  untreated  fill. 

149.  Vendor  3 .  Reductions  of  75  and  74  percent  were  noted  for  MNMTCL 
and  MNMCSL,  respectively,  from  the  MWEP-1  conducted  on  the  treated  fill  in 
comparison  with  the  MWEP-1  conducted  on  the  untreated  fill.  The  reduction  in 
total  chromium  was  mainly  a  representation  of  reduction  in  Cr(VI). 

150.  Vendor  4,  The  Vendor  4  S/S  process  reduced  the  MNMTCL  concentra¬ 
tion  by  54  percent  for  total  chromium  and  the  MNMCSL  by  52  percent  for  Cr(VI) 
compared  to  the  uncreated  fill.  The  reduction  of  54  percent  of  leachable 
total  chromium  was  mainly  represented  by  a  reduction  of  leachable  Cr(VI). 
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151.  Vendor  5 .  There  was  a  63-percent  reduction  in  the  leachable  total 
chromium  based  upon  the  MNMTCLs  for  treated  and  untreated  fill.  The  MNMCSL 
was  reduced  by  59  percent,  based  on  the  MNMCSL  for  the  xintreated  fill  and  the 
fill  treated  by  Vendor  5. 

152.  Vendor  6 .  The  mean  NMLC  for  the  fill  was  1.905  mg/kg  total  chro¬ 
mium  and  1.992  mg/kg  Cr(VI).  Compared  to  the  mean  NMLC  for  the  untreated 
fill,  the  Vendor  6  efficiency  for  total  chromium  was  62  percent  and  for 
Cr(VI),  56  percent. 

153.  Vendor  7 .  The  mean  NMLC  for  the  total  chromium  was  1.734;  the 
mean  NMLC  Cr(VI)  was  1.896  mg/kg.  The  MNMTCL  was  reduced  by  65  percent,  and 
the  MNMCSL  by  58  percent. 

154.  Vendor  8 .  The  mean  NMLC  for  total  chromium  and  Cr(VI)  was 
1.291  and  0.601,  respectively.  The  Vendor  8  process  reduced  the  MNMTCL  by 
74  percent  and  the  MNMCSL  by  87  percent. 

TCT-P  results 

155.  Normalization  of  the  TCLP  results  was  calculated  according  to  the 
methods  described  for  normalization  of  the  MUEP-1  in  paragraph  68,  and  the 
results  are  presented  in  Appendix  C  for  the  fill. 

156.  Untreated  fill.  The  mean  NMLC,  which  represents  the  normalized 
amount  of  total  chromium  and  Cr(VI)  leached,  was  3.377  and  0.507  mg/kg, 
respectively.  The  NMLC  for  Cr(VI)  is  based  on  the  detection  limit  of 

<0.020  mg/L.  Based  on  the  NMLCs  for  total  chromium  and  Cr(VI) ,  the  efficiency 
of  the  treatment  processes  for  each  vendor  was  calculated. 

157.  Vendor  1.  The  Vendor  1  process  represented  an  increase  in  the 
MNMTCL  of  1,806  percent  and  an  increase  in  the  MNMCSL  of  17  percent  based  on 
the  MNMTCL  of  64.358  mg/kg  and  the  MNMCSL  of  0.047  mg/kg.  The  MNMCSL  was 
calculated  based  on  the  concentration  for  all  replicates  of  <0.020  mg/L. 

158.  Vendor  2 .  Vendor  2's  process  efficiency  for  the  MNMTCL  was 
61  percent  based  on  a  MNMTCL  of  1.317  mg/kg;  the  MNMCSL  was  increased  by 
60  percent  based  on  a  MNMCSL  of  0.899  mg/kg. 

159.  Vendor  3.  The  mean  NMLCs  for  total  chromium  and  Cr(VI)  were 
1.841  and  1.885  og/kg,  respectively.  Vendor  3  reduced  the  MNMTCL  by  45  per¬ 
cent  but  Increased  the  MNMCSL  by  272  percent. 

160.  Vendor  4.  The  mean  ^^MLC  for  total  chromium  was  4.299  mg/kg,  and 
the  mean  tJMLC  for  Cr(VI)  was  0.965  mg/kg.  Based  on  the  NMLCs,  Vendor  4 
increased  the  M2JMTCL  in  the  TCLP  by  27  percent  and  increased  the  .MNMCSL  by 
90  percent. 
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161.  Vendor  5 .  Compared  to  the  untreated  fill,  Vendor  5  increased  the 
total  chromium  leached  in  the  TCLP  by  472  percent  and  increased  the  Cr(VI)  in 
the  TCLP  by  3,760  percent.  The  MNMTCL  was  19.310  mgAs.  and  the  MNMCSL  was 
19.553  mgAs-  Th®  chromium  present  was  in  the  form  of  Cr(VI). 

162.  Vendor  6 ,  The  mean  NMLCs  for  total  chromium  and  Cr(VI)  were 
1.932  and  0.827  mg/kg,  respectively.  The  Vendor  6  process  reduced  the  MNMTCL 
by  43  percent  for  total  chromium  and  increased  the  MNMCSL  by  63  percent  for 
the  Cr(VI). 

163.  Vendor  7 ,  The  MNMTCL  was  136.684  mg/kg,  and  the  MNMCSL  was  0.656 
mg/kg.  The  MNMCSL  was  calculated  frcm  the  concentration  of  0.020  mg/L  based 
on  the  detection  limit.  The  process  produced  a  3 , 947-percent  increase  in  the 
MNMTCL  and  an  increase  in  the  MNMCSL  of  29  percent. 

164.  Vendor  8 ,  The  Vendor  8  process  produced  an  increase  in  the  MNMTCL 
of  1,879  percent  and  an  increase  in  the  MNMCSL  of  44  percent  based  on  a  MNMTCL 
of  66.815  mgAg  and  a  MNMCSL  of  0.729  mgAg-  All  Cr(VI)  concentrations  were 
below  the  detection  limit,  <0.020  mg/L-  The  detection  limit  was  the  basis  for 
a  calculation  of  the  MNMCSL. 

Standard  Deviation  and  Relative  Standard  Deviation 

165.  Standard  deviation  was  calculated  for  the  fill  and  clay  from  the 
following  equation: 


s 


r 

n  -  1 


(8) 


where 

s  -  standard  deviation  of  n  observations 
Xi-  observation 
X  ~  mean  of  the  observations 
n  ~  number  of  observations 

166.  The  relative  standard  deviation  ID)  was  calculated  from  the 
following  equation; 
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USD  =  X  100 
X 


(9) 


HWEP  -  total  chromium 

167.  Untreated.  The  NMLCs  for  the  untreated  fill  were  5.00,  5.68,  and 
4.36  mg/kg  for  replicates  A,  B,  and  C,  respectively.  Based  on  the  NMLC,  the 
standard  deviation  was  0.661  and  the  RSD  was  13  percent  for  the  fill. 

168.  Vendor  1.  Vendor  1  varied  the  amount  of  additive  used  among  its 
replicates;  therefore,  precision  of  the  results  must  be  based  on  the  NMLC. 

The  NMLC  for  the  fill  was  1.38,  1.10,  and  2.75  mgAg  replicates  A.  B,  and 
C,  respectively.  The  standard  deviation  of  the  NMLC  for  fill  was  0.883.  The 
MWZP-1  concentrations  for  the  treated  fill  had  an  average  precision  of 

51  percent  based  on  NMLC  calculations. 

169.  Vendor  2 .  The  NMLCs  for  replicates  A,  B,  and  C  were  1.84,  2.11, 
and  2.27  mg/kg,  respectively.  Precision  of  the  NMLC  for  the  fill  was  11  per¬ 
cent.  The  standard  deviation  of  the  NMLC  calculated  for  the  fill  was  0.22. 

170.  Vendor  3.  The  NMLCs  were  1.24,  0.73,  and  1.75  mgAg  for  repli¬ 
cates  A,  B,  and  C,  respectivelv.  The  NMLC  standard  deviation  for  the  fill  was 
0.51.  Based  on  the  NMLC,  the  precision  of  the  fill  was  41  percent. 

171.  Vendor  4.  The  NMLCs  for  replicates  A,  B,  and  C  were  2.92,  1.76, 
and  2.26  mgAg.  respectively.  The  NMLC  standard  deviation  for  the  fill  was 
0.58,  and  the  NMLC  RSD  was  25  percent. 

172.  Vendor  5.  The  NMLCs  for  replicates  A,  B,  and  C  were  2.33,  2.39, 
and  0.86  mgAg.  respectively.  Vendor  5's  NMLC  standard  deviation  for  the  fill 
was  0.87,  and  the  NMLC  RSD  was  47  percent.  One  replicate  had  a  concentration 
one  order  of  magnitude  less  than  the  other  two  replicates,  causing  the  RSD  to 
be  increased. 

173.  Vendor  6.  The  NMLCs  for  replicates  A,  B,  and  C  were  3.44,  1.26, 
and  1.02  mgAg.  respectively.  The  NMLC  standard  deviation  for  the  fill  was 
1.33,  and  the  NMLC  RSD  based  on  the  mean  NMLC  concentration  was  70  percent. 

The  highest  fill  concentration  was  0.20  mg/L;  the  other  concentrations  were 
0.072  and  0.063  mg/L,  causing  a  higher  NMLC  RSD. 

174.  Vendor  7.  The  NMLCs  for  the  fill  replicates  were  0.68,  3.84,  and 

0.68  mgAg-  NMLC  standard  deviation  was  1.82  with  a  NMLC  RSD  of  105  per¬ 

cent.  The  NMLC  RSD  was  >100  percent  due  to  one  concentration  being  one  order 
of  magnitude  greater  than  the  other  concentrations . 
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175.  Vendor  8 .  One  concentration  of  the  fill  was  0.11  ng/L,  approxi¬ 
mately  twice  the  concentration  of  the  other  replicates  (0.052  and  0.051  mg/L) . 
The  NMLC  standard  deviation  was  0.60,  and  the  NMLC  RSD  was  47  percent. 

MWEP  -  chromium  (VI) 

176.  Untreated,  The  NMLCs  were  4.87,  4.08,  end  4.49  mg/kg,  respec¬ 
tively,  for  replicates  A,  B,  and  C.  The  NMLC  standard  deviation  was  0.398, 
and  the  NMLC  RSD  was  9  percent. 

177.  Vendor  1 .  The  NMLCs  were  <0.44,  <0.37,  and  <0.52  mgAg.  respec¬ 
tively,  for  replicates  A,  B,  and  C.  The  NMLC  standard  deviation,  calculated 
based  on  the  detection  limit,  was  0.072;  the  NMLC  RSD  was  16  percent. 

178.  Vendor  2 .  The  NMLCs  for  the  replicates  were  1.70,  2.25,  and 
2.27  mg/kg.  The  NMLC  standard  deviation  was  0.33  with  an  NMLC  RSD  of 

16  percent. 

179.  Vendor  3.  The  NMLCs  for  the  replicates  were  0.76,  0.84,  and 
1.91  mg/kg,  with  an  NMLC  standard  deviation  of  0.64  and  NMLC  RSD  of  55  per¬ 
cent.  One  concentration  was  double  the  ocher  two  concentrations,  causing  the 
NMLC  RSD  Co  be  55  percent. 

180.  Vendor  4,  The  concentrations  of  the  Cr(VI)  in  the  fill  were 
0.13,  0.10,  and  0.13  mg/L.  The  NMLCs  for  the  replicates  were  2.38,  1.76,  and 
2.26  mg/kg.  Based  on  the  NMLC  concentrations,  the  standard  deviation  was 
0.33  and  the  NMLC  RSD  was  15  percent. 

181.  Vendor  5 .  The  NMLCs  for  Che  replicates  were  2.15,  2.57,  and 
0.84  mg/kg.  The  NMLC  standard  deviation  for  the  fill  was  0.90,  and  the  NMLC 
RSD  was  49  percent.  One  concentration  was  one  third  less  than  the  other  two, 
causing  the  NMLC  RSD  to  be  49  percent. 

182.  Vendor  6 ,  Vendor  6's  NMLC  standard  deviation  was  1.55,  and  the 
NMLC  RSD  was  78  percent.  The  NMLCs  were  3.78,  1.22,  and  0.98  mg/kg.  One  con¬ 
centration  was  considerably  higher  than  the  other  two,  causing  an  NMLC  RSD  of 
78  percent. 

183.  Vendor  7 .  One  concentration  among  the  replicates  was  one  order  of 
magnitude  greater  than  the  ocher  concentrations,  causing  a  relatively  high 
NMLC  RSD.  The  NMLCs  were  1.23,  3.84,  and  0.62  mg/kg.  The  NMLC  standard  devi¬ 
ation  was  1.55,  and  the  NTILC  RSD  was  'i'8  percent. 

184.  Vendor  8 .  Two  concentrations  for  the  fill  were  <0.027  and 
<0.025  mg/L;  Che  other  concentration  was  0.047  mg/L.  The  NMLC  were  calculated 
based  on  the  detection  limit  listed  for  that  concentration  and  were  0.51, 
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based  on  the  ietection  limit  listed  for  that  concentration  and  were  0.51, 

0.45,  and  0.85  mg/jcg.  The  NMLC  standard  deviation  was  0.218  mg/L,  and  the 
NMLC  RSD  was  36  percent. 

TCLP  -  total  chromium 

185.  Untreated .  The  total  chromium  concentrations  for  the  fill  were 
0.160,  0.160,  and  0.081  mg/L  and  were  normalized  to  4.102,  3.952,  and 
2.077  mg/kg,  respectively.  The  NMLC  standard  deviation  was  1.129,  and  the 
NMLC  RSD  was  33  percent. 

186.  Vendor  1.  The  NMLC  standard  deviation  for  the  fill  was  6.5.  The 
NMLC  RSD  for  the  fill  was  10  percent.  The  concentrations  for  the  fill  were 
within  0.3  mg/L  among  replicates,  providing  an  NMLC  RSD  of  10  to  11  percent. 
The  NMLCs  were  58.12,  63.83,  and  71.13  mg/kg. 

187.  Vendor  2.  The  fill  NMLCs  were  1.385,  1.827,  and  0.738  mg/kg  for 
the  replicates,  providing  an  NMLC  standard  deviation  of  0.547  and  an  NMLC  RSD 
of  42  percent. 

188.  Vendor  3 .  The  NMLCs  for  the  fill  were  2.49,  1.058,  and 

1.976  mg/kg.  Based  on  the  NMTC  concentrations,  the  NMLC  RSD  was  39  percent. 

189.  ^?endor  4.  One  of  the  replicate  concentrations  was  one  order  of 
magnitude  greater  than  the  other  replicates.  The  NMLC  concentrations  were 
9.14,  0.493,  and  3.266  mg/L  vith  an  NMLC  RSD  of  103  percent. 

190.  Vendor  5 .  The  concentrations  of  total  chromium  in  the  TCLP  con¬ 
ducted  on  the  fill  were  0.62,  0.63,  and  0.33  mg/L.  The  NMLC  was  22.21,  23.13, 
and  12.60  mg/kg,  respectively,  with  a  standard  deviation  of  5.83  and  an  NMLC 
RSD  of  30  percent. 

191.  Vendor  6 ,  The  concentrations  of  total  chromium  in  the  fill  repli¬ 
cates  were  0.11,  0.028,  and  0.032  mg/L  and  were  normalized  to  3.78,  0.98,  and 
1.04  mg/kg,  respectively.  Based  on  the  NMLC,  the  standard  deviation  was  1.60 
and  the  NMLC  RSD  was  83  percent.  One  concentration  (0.11  mg/L)  was  approx¬ 
imately  four  times  the  other  replicates,  causing  a  high  NMLC  RSD. 

192.  Vendor  7 ,  The  concentrations  of  total  chromium  in  the  fill  were 

4.7,  3.7,  and  4.1  mg/L  and  were  normalized  to  156.60,  123.50,  and 

129.95  mg/kg,  respectively.  Based  on  the  NMLC,  the  standard  deviation  was 
17.55  and  the  RSD  was  13  percent. 

193.  Vendor  3 ,  For  the  fill,  the  concentrations  of  total  chromium  were 

1.8,  1.8,  and  1.9  mg/L.  These  concentrations  were  nonnalized  to  67.5,  64.3, 
and  68.7  mg/kg,  respectively,  with  an  NMLC  standard  deviation  of  2.3  and  an 
NMLC  RSD  of  3  percent. 
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TCLP  -  chromluig  (VI) 

194.  Untreated ,  The  concentrations  of  Cr(VI)  In  the  fill  were 
<0.020  mg/L  for  all  replicates.  Based  on  the  detection  limit  of  0.020  mg/L, 
the  NHLCs  were  calculated  as  0.513,  0.494,  and  0.513  mg/kg.  The  NMLC  standard 
deviation  for  the  fill  was  0.011,  and  the  NMLC  RSD  was  2  percent. 

195.  Vendor  1.  The  concentrations  of  Cr(VI)  for  the  fill  were  all 
<0.020  mg/L.  The  NMLCs  were  0.581,  0.555,  and  0.647  mgAg.  respectively,  with 
an  NMLC  standard  deviation  of  0.047  and  an  NMLC  RSD  of  8  percent. 

196.  Vendor  2.  The  concentrations  of  Cr(VI)  in  the  fill  were  0.028, 
0.038,  and  <0.020  mg/L-  Vendor  2  mobilized  Cr(VI)  based  on  the  concentrations 
in  the  untreated  fill  and  clay.  Based  on  the  concentrations  in  the  fill,  the 
NMLCs  were  0.792,  1.068,  and  0.568  mgAg  with  a  standard  deviation  of  0.251 
and  an  NMLC  RSD  of  31  percent. 

197.  Vendor  3.  Based  on  the  concentrations  of  Cr(VI)  in  the  untreated 
fill,  Vendor  3  mobilized  Cr(VI).  The  concentrations  of  Cr(VI)  in  the  fill 
replicates  ’.Tere  0.068,  0.058,  and  0.05  mg/L,  corresponding  to  NMLCs  of  2.143, 
1.918,  and  1.593  mgAg,  respectively.  The  standard  deviation  of  the  NMLCs 
were  0.276,  and  the  NMLC  RSD  was  15  percent. 

198.  Vendor  4,  For  the  fill,  two  replicate  concentrations  were 
<0,020  mg/L  and  the  other  replicate  concentration  was  0.042  mg/L.  Normaliza¬ 
tion  of  the  concentrations  presented  0.731,  0.704,  and  1.459  mgAg  Cr(Vl) 
leached,  with  a  standard  deviation  of  0.429  and  an  NMLC  RSD  of  44  percent. 

199.  Vendor  5 .  The  concentrations  of  Cr(VI)  in  the  fill  TCLP  extracts 
were  0.61,  0.67,  and  0.32  mg/L  and  were  normalized  to  21.85,  24.60,  and 
12.21  mgAg,  respectively.  Based  on  the  NMLCs,  the  standard  deviation  was 
6.50  and  the  NMLC  RSD  was  33  percent. 

200.  Vendor  6,  The  NMLCs  for  the  fill  replicates  were  1.134,  0.697, 
and  0,651  mgAg  with  a  standard  deviation  of  0.267  and  an  NMLC  RSD  of  32  per¬ 
cent.  Two  concentrations  in  the  fill  leachates  were  <0.020  mg/L,  and  the 
other  concentration  was  0.030  mg/L.  NMLC  concentrations  were  calculated  based 
on  the  detection  limit  of  0.020  mg/L  for  the  two  replicates. 

201.  Vendor  7 .  The  concentrations  of  Cr(VI)  in  the  fill  leachates  were 
all  <0.020  mg/L,  Normalization  was  based  on  0.020  mg/L  for  the  fill,  and  the 
NMLCs  were  0.666,  0.668,  and  0.634  mgAg  with  a  standard  deviation  of 

0.019  and  an  NMLC  RSD  of  3  percent. 

202.  Vendor  8 ,  The  Vendor  8  concentrations  in  the  TCLP  extracts  for 
the  fill  were  all  <0.020  rp^/T..  NMLCs  were  calculated  based  on  a  concentration 
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of  0.020  mg/L.  Based  on  the  NMLCs  for  the  fill,  the  standard  deviation  was 
0.019  and  the  NMLC  RSD  was  3  percent. 

Analysis  of  variance  for  MWEP-1  and  TCLP 

203.  WUEP-1.  The  results  of  an  ANOVA  conducted  on  the  MWEP-1  for  the 
fill  are  presented  in  Table  11.  The  ANOVA  on  the  MWEP-1  showed  two  groups: 
the  untreated  MWEP-1  data  and  the  data  of  the  samples  treated  by  the  vendors. 
The  MWEP-1  conducted  on  the  untreated  fill  is  significantly  different  from  the 
treated  fill. 

204.  TCLP ■  The  results  of  an  ANOVA  conducted  on  the  TCLP  for  the  fill 
are  presented  in  Table  11.  For  the  fill,  an  ANOVA  conducted  on  the  TCLP  data 
provided  four  groups  of  data  that  are  different.  Vendor  7’s  TCLP  is  different 
from  the  remaining  vendors.  Vendor  5  is  significantly  different  from  the 
remai' Ing  vendors.  Vendors  8  and  1  are  not  significantly  different,  but 
Vendors  7,  8,  and  1  are  different  from  the  remaining  vendors. 


Table  11 

esults  of  ANOVA  for  TCLP  and  MWEP-1  for  the 


Vendor 


Mean  NMLC 


6.420 

2.314 

2.D72 

1.905 

1.858 

1.742 

1.734 

1.291 

1.242 


136.684 

66.815 

64.358 

19.310 

5.013 

4.299 

1.932 

1.841 

1.317 


PART  IV:  DISCUSSION  OF  RESULTS  FOR  CLAY  MATERIAL  TESTING 
Analysis  of  Homogenization 

205.  A  major  concern  during  the  conduct  of  the  study  was  the  use  of  a 
homogenized  sample  for  the  applicatioi'.  of  the  S/S  processes.  An  attempt  was 
made  to  provide  each  vendor  with  a  statistically  homogeneous  sample.  The 
homogeneity  of  the  samples  was  evaluated  by  normalizing  the  total  chrome  for 
dilution  effects  of  binder  addition  and  by  conducting  an  ANOVA  on  the  normal¬ 
ized  chromium  values. 

Normalization  process 

206.  Normalized  mass  leached  concentration  chromium  values,  which  were 
calculated  to  compensate  for  the  dilution  effects  of  adding  water  and  binder 
to  the  clay,  are  presented  in  Appendix  E.  Normalization  of  the  bulk  analysis 
was  calculated  for  the  untreated  and  treated  clay  using  Equations  1  and  2. 

The  results  of  the  normalization  of  total  chromium  and  Cr(VI)  for  bulk  chemi¬ 
stry  are  presented  in  Table  12. 

Analysis  of  variance 

207.  The  results  of  the  ANOVA  conducted  on  the  clay  are  presented  in 
Table  13.  The  ANOVA  presents  five  groups  that  are  significantly  different. 
Vendor  6’s  sample  was  different  compared  to  the  remaining  vendors  and  was  the 
highest  in  total  chromium  (5,140  mg/kg).  The  samples  from  Vendors  5  and 

4  were  not  significantly  different  and  had  normalized  total  chromium  values  of 
4,390  and  3,767  mg/kg,  respectively.  The  third  group  contains  Vendors  2, 

1,  and  7  and  the  untreated  clay,  and  are  not  significantly  different  with 
normalized  total  chromium  concentrations  of  2,944,  2,633,  2,440,  and 
2,386  mg/kg,  respectively.  The  normalized  total  chromium  values  for  Ven¬ 
dors  8  and  3  were  2,125  and  1,830  mg/kg,  respectively.  The  fourth  group 
contains  the  untreated  clay  and  Vendors  7,  1,  and  8;  the  fifth  group  contains 
Vendors  7,  8,  1,  and  3. 

Chrome  Reduction  Study 

208.  The  results  of  the  WES  CRS  are  presented  in  Table  14  and  discussed 
below.  Two  additives  were  tested,  BFS  and  ferrous  sulfate,  at  varying  dosages 
and  reaction  times  of  0,  2,  4,  6,  and  24  hours  in  triplicate. 
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•’rontler  Hard  Chrome  Clay* 


TC!W»"W57*irTr|T 


Tah 

Results  of  Nomiallzlng  Tc 
Treated  and  Untreated  f 


Mean 

Norm. 

Mean 

Norm. 

Total  Cr 

Total  Cr 

Cr(VI) 

Cr(VI) 

me/kR.. 

-  ~irk 

2,633 

10 

1 

1,867 

2,386 

0.014 

0.017 

2 

2,267 

2,944 

7.3 

9.5 

3 

1,167 

1,830 

6.9 

10.7 

4 

2,467 

3,767 

8.4 

12.6 

5 

2,267 

4,390 

8.4 

13.5 

6 

3,567 

5,140 

3.6 

9.0 

7 

1,300 

2,440 

3.2 

0.20 

8 

1,267 

2,125 

0.140 

0.10 

*  Treatment  objective  was  total  chromium  50.05  mg/L. 
**  Untreated  clay. 


Table  13 

Results  of  Anova  for  Bulk  Chemistry  Conducted  on  Untreated  Clay 


Vendor 

Mean  NMLC 
mgAg 

Group 

6 

5,140 

1 

5 

4,390 

2 

4 

3,767 

2 

2 

2,944 

3 

2,633 

3,4 

7. 

2,440 

3,4,5 

1 

2,386 

3.4,5 

8 

2,125 

4,5 

3 

1,830 

5 

*  Untreated  clay. 
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Table  14 


Results  for  the  Chrorie  Reduction 
Study  Conducted  on  the  Clay* 


Reaction  Time 

.  hr 

Additive- to-Soll  Ratio 

0 

■  -2_ 

4 

6 

24 

Blast  furnace  slag/clay 

0.006 

2.29 

2.51 

6.13 

1.97 

2.88 

0.12 

1.49 

1.57 

2.05 

1.17 

2.53 

0.24 

0.51 

0.86 

0.71 

1.10 

0.68 

0.36 

Ferrous  sulfate/clay 

0.46 

0.50 

0.48 

0.73 

0.43 

0.000026 

3.45 

2.25 

2.87 

3.30 

0.00052 

6.38 

2.98 

3.23 

2.65 

4.53 

0.0013 

4.11 

2.07 

3.63 

2.55 

2.00 

0.0026 

1.93 

2.20 

2.39 

1.94 

3.93 

Note;  Average  Cr(VI)  concentration  In  the  untreated  clay  was  3.67  mg/kg. 
*  Results  are  presented  as  mg/kg  of  Cr(VI). 


Untreated  clay 

209.  Triplicate  analyses  of  the  untreated  clay  were  conducted  to 
compare  the  treated  and  untreated  results  for  reduction  of  Cr(VI).  The 
average  of  the  replicates  was  3.67  mg/kg  Cr(VI). 

Blast  furnace  slag 

210.  The  ASRs  tested  were  0.006,  0.12,  0.24,  and  0.36.  The  lowest 
average  concentration  after  24  hr  was  0.43  mg/L  at  an  ASR  of  0.36.  BPS 
reduced  Cr(VI)  more  effectively  than  ferrous  sulfate  and  was  selected  as  the 
additive  for  the  detailed  evaluation  of  clay  at  an  ASR  of  0.36. 

Ferrous  sulfate 

211.  Four  ASRs  were  tested  for  ferrous  sulfate.  At  the  highest  ASR, 
0.0026,  the  average  concentration  was  initially  1.93  mg/kg  but  reached 
3.93  mg/kg  after  24  hr.  The  ocher  ASRs  had  average  concentrations  of 
3.30,  4.53.  and  2.00  mg/kg  after  24  hr. 

Initial  Screening  Test  Results 


212.  The  results  of  the  initial  screening  test  for  the  clay  conducted 
by  WES  are  summarized  below.  The  detailed  results  are  presented  in  Appendix 
A.  Each  time  a  stabilization  process  was  applied,  a  batch  of  material  was 
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generated.  As  shown,  8  batches  of  solidified  clay  were  prepared  for  the 
cement  and  15  batches  were  prepared  for  the  lime/fly  ash  process. 

Cement  binder 

213.  Two  WSRs  and  four  ASRs  were  evaluated.  After  8  hours,  the  0.4  and 
0.7  ASRs  with  a  USR  of  0.1  had  Cl  readings  >750  psi.  The  1.4/0. 1  ASR/WSR 
mixture  had  Cl  measurements  >750  psi  after  1  hr.  The  0. 1/0.1  ASR/WSR  mixture 
had  an  average  Cl  reading  of  487  psi  after  24  hr.  The  0.3  WSR  produced  Cl 
values  >750  psi  for  ASRs  of  0.4,  0.7,  and  1.4.  A  cement  ASR  of  0.1  with  a  WSR 
of  0.1  was  selected  for  the  preparation  of  specimens  for  detailed  evaluation. 
Lime/flv  ash  binder 

214.  WSRs  of  0.1  and  0.3  were  evaluated  in  the  initial  screening  test. 
Four  ASRs  were  evaluated  with  each  WSR.  None  of  the  ASR/WSR  combinations 
provided  average  Cl  values  >267  psi.  Lime/fly  ash  treatment  of  the  FHC  clay 
was  not  evaluated  further,  and  cement  was  selected  as  the  binder  to  be  evalu¬ 
ated  in  the  detailed  evaluation. 

Results  of  Physical  Testing  of  Clav  Material 

215.  The  results  of  tests  on  bulk  density,  Atterberg  limits,  Proctor 
density,  UCS ,  permeability,  specific  gravity,  and  set  time  for  the  untreated 
clay  are  summarized  in  Table  15.  The  results  of  grain  size  and  moisture  con¬ 
tent  analyses  for  the  clay  are  presented  in  Appendix  D. 

UCS  results 

216.  Measurements  of  UCS  were  performed  in  triplicate  for  each  repli¬ 
cate  after  28  days  of  cure.  Figure  13  presents  the  results  of  the  UCS  tests 
conducted  on  the  treated  clay, 

217.  Untreated  clav.  The  untreated  clay  specimens  were  prepared  at 
Proctor  density  and  allowed  to  cure  for  28  days.  The  specimens  fractured  upon 
removal  from  the  molds;  therefore,  UCS  tests  were  not  conducted. 

218.  Vendor  1 .  The  Ensol/Landtreat  process  did  not  produce  cementi¬ 
tious  properties.  Removal  of  the  specimens  from  the  molds  damaged  the  speci¬ 
mens  because  there  was  no  strength  gain.  No  UCS  measurements  were  taken. 

219.  Vendor  2 .  The  average  UCS  values  of  replicates  A,  B,  and  C  were 
266,  271,  and  200  psi,  respectively .  ASRs  for  the  cement  and  chemical  reduc¬ 
ing  agent  varied  slightlji  among  replicates,  possibly  causing  the  UCS  variabil¬ 
ity.  Lower  average  UCS  values  for  replicate  C  may  be  attributed  to  a  smaller 
amount  of  cement  addition.  Replicates  A  and  3  had  cement  ASRs  of  0.15,  and 
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Table  15 


Results  of  Physical  Tests  Conducted  on  Untreated  Clav 


Replicate 


Parameter 

1 

2 

3 

Bulk  density,  pcf 

97.2 

101.5 

105.8 

Proctor  density,  pcf 

134.1 

137 . 2 

134.1 

Specific  gravity 

2.66 

2.65 

2.65 

Resistance  to 

penetration,  psi* 

50 

47 

48 

Permeability , 
cm/sec* 

N/A 

N/A 

3.95E 

UCS,  psi 

N/A 

N/A 

N/A 

Moisture , 

%  dry  weight** 

46.13 

46.14 

47.14 

Atterberg  limits 

Plasticity  index 

24 

25 

27 

Liquid  limit 

58 

57 

59 

Plastic  limit 

34 

32 

32 

*  Represents  an  average  of  three  replicates. 

**  Represents  an  average  of  33  replicates. 


*  ucs  crtiaria  of  50  p*)  Vendor 

Figure  13.  28-day  UCS  results  for  FHC  clay 


replicate  C  had  an  ASR  of  0.1  for  cement.  Replicate  C  had  a  larger  ASR  for 
the  chemical  reducing  agent  (0.1),  while  replicates  A  and  B  had  an  ASR  of 
0.08. 

220.  Vendor  3 .  The  average  UCS  values  for  replicates  A,  B,  and  C  were 
124,  28,  and  49  psi,  respectively.  One  B  replicate  fractured  when  extruded 
from  the  mold.  Vendor  3  was  consistent  in  the  addition  of  portland  cement  and 
silica  to  the  replicates,  but  only  replicate  A  developed  strengths  greater 
than  50  psi. 

221.  Vendor  4.  The  average  UCS  values  for  replicates  A,  B,  and  C  were 
86,  191,  and  13  psi,  respectively.  Vendor  4  increased  the  ASRs  for  water  with 
each  replicate,  from  0.21  to  0.23  to  0.26  for  replicates  A,  B,  and  C,  respec¬ 
tively.  Replicates  A  and  B  had  UCSs  above  the  50-psi  criterion,  but  replicate 
C  did  not. 

222.  Vendor  5 .  The  average  UCS  values  for  replicates  A,  B,  and  C  were 
478,  378,  and  428  psi,  respectively.  Vendor  5  added  0.23  ASR  of  sodium  sili¬ 
cate  for  replicate  A  and  0.20  ASR  sodium  silicate  for  replicates  B  and  C.  The 
cement  ASR  remained  constant,  and  all  replicates  gained  strengths  greater  than 
50  psi. 

223.  Vendor  6 .  The  average  UCS  values  were  97,  81,  and  93  psi,  respec¬ 
tively.  Vendor  6  was  consistent  in  the  ASRs  added  among  replicates.  All 
replicate  UCSs  were  greater  than  50  psi. 

224.  Vendor  7.  The  average  UCS  values  for  replicates  A,  B,  and  C  were 
74,  247,  and  154  psi,  respectively.  The  average  UCS  of  replicate  B  was  three 
times  the  average  UCS  of  replicate  A.  The  cement  ASRs  for  replicates  A  and  B 
were  0.07  and  0.10,  respectively,  possibly  causing  the  difference  in  average 
UCS  readings.  All  replicates  had  UCS  values  greater  than  50  psi. 

225.  Vendor  8.  The  average  UCS  values  were  496,  541,  and  639  psi  for 
replicates  A,  B,  and  C,  respectively.  Vendor  8  was  consistent  among  repli¬ 
cates  in  the  addition  of  ASRs  and  water,  but  the  average  UCS  values  varied  by 
143  psi  from  replicate  A  to  replicate  C.  Vendor  8  specimens  gained  the  great¬ 
est  strengths  among  processes  evaluated,  and  all  UCS  readings  were  >50  psi. 
Wet/drv  results 

226.  To  determine  the  durability  of  the  specimens,  the  wet/dry  test  was 
conducted  on  three  test  specimens  and  three  control  specimens  after  28  days  of 
cure.  The  specimens  were  subjected  to  12  cycles  of  wetting  and  drying,  and 
the  weight  of  the  specimen  was  taken  after  each  cycle  to  determine  the  loss 
during  that  cycle.  Moisture  contents  were  determined  on  one  specimen  in  order 


67 


to  evaluate  the  percent  solids  loss  for  the  specimens.  A  total  weight  loss  of 
30  percent  constitutes  failure  of  the  specimen  (ASTM  1990) .  The  average 
results  of  the  wet/dry  test  for  the  clay  are  presented  in  Table  16.  The 
detailed  results  by  replicate  are  presented  in  Appendix  E. 


Table  16 

Results  of  the  V?et/Drv  Tests  Conducted 
on  Frontier  Hard  Chrome  Clay 


Vendor 

ACCRML  After  12 
Cvcles.  e 

Test  Specimen 
(%  Loss’) 

Control  Specimen 
i%  Loss') 

1 

NA 

100 

100 

2 

-0.31* 

0.58 

0.89 

3 

-0.22* 

1.20 

1.43 

4 

0.31 

1.95 

1.65 

5 

-0.20* 

0.33 

0.53 

6 

0.14 

1.41 

1.28 

7 

-0.15* 

0.60 

0.75 

8 

-0.04* 

0.30 

0.34 

Goal 

30 

30 

*  Negative  result  due  to  greater 
sample  than  in  treated  sample. 

average  relative  mass 

loss  in  control 

227. 

Vendor  1.  Tne  soecimens  -Dreoared  bv  Vendor 

1  did  not  have  cemen- 

titious  properties  and  failed  the 

wet/dry  test  after  one 

cycle.  All  of  the 

specimens  suffered  100  percent  solid  mass  loss. 

228.  Vendor  2 .  The  average  percent  solid  mass  loss  from  the  test  and 
control  specimens  was  0.58  percent  and  0.89  percent,  respectively.  The  speci¬ 
mens  prepared  by  Vendor  2  passed  12  cycles  of  the  wet/dry  test.  The  ACCRML 
was  -0.31  g,  representing  a  greater  mass  loss  from  the  controls  than  the  test 
specimens . 

229.  Vendor  3.  The  average  percent  solid  mass  loss  from  the  test  and 
control  specimens  was  1.20  percent  and  1.43  percent,  respectively.  Vendor  3's 
specimens  had  an  ACCRML  of  -0.22  g.  The  specimens  passed  12  cycles  of  the 
wet/dry  test,  with  more  sample  mass  loss  from  the  controls  than  from  the  test 
specimens . 
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230.  Vendor  4,  The  average  percent  solids  loss  from  the  test  and  con¬ 
trol  specimens  was  1.95  percent  and  1.63  percent,  respectively.  The  test 

specimens  lost  more  mass  than  the  controls,  which  is  represented  by  a  positive 
ACCRML  of  0.31  g.  No  specimens  experienced  a  mass  loss  >30  percent,  and  the 
specimens  passed  12  cycles  of  the  wet/dry  test. 

231.  Vendor  5.  Vendor  5's  test  and  control  specimens  passed  12  cycles 

of  the  wet/dry  test.  There  was  no  significant  loss  of  material  from  the  spec¬ 
imens  during  the  12  wet/dry  cycles.  The  average  percent  solids  mass  loss  for 
the  test  and  control  specimens  was  0.33  percent  and  0.53  percent,  respec¬ 
tively.  The  ACCRML  for  the  specimens  was  -0.20  g,  meaning  there  was  a  greater 
mass  loss  from  the  control  specimens  than  the  test  specimens. 

232.  Vendor  6.  The  test  specimens  lost  more  mass  than  the  control 

specimens,  which  is  indicated  by  a  positive  ACCRML  of  0.14  g.  The  test  and 
control  specimens'  average  percent  solids  mass  loss  was  1.41  percent  and 
1.28  percent,  respectively.  The  test  and  control  specimens  passed  12  cycles 
of  the  wet/dry  test. 

233.  Vendor  7.  The  ACCRML  for  the  wet/dry  specimens  was  -0.15  g.  The 
average  percent  solid  mass  loss  from  the  test  and  control  specimens  was 

0.60  percent  and  0.75  percent,  respectively.  More  mass  was  lost  from  the 
control  specimens  than  the  test  specimens,  and  the  specimens  passed  12  cycles 
of  the  wet/dry  test. 

234.  Vendor  8.  The  Vendor  8  specimens  had  an  average  ACCRML  of 
-0.04  g,  indicating  a  greater  mass  loss  from  the  control  specimens  than  the 
test  specimens.  The  average  percent  solid  mass  loss  from  the  test  and  control 
specimens  was  0.30  percent  and  0.34  percent,  respectively.  The  specimens 
passed  12  cycles  of  the  wet/dry  test. 

Permeability  results 

235.  The  results  of  the  permeability  test  conducted  on  the  untreated 
and  treated  clay  are  summarized  in  Table  17  and  illustrated  in  Figure  14. 
Triplicate  readings  were  conducted  on  each  replicate  to  obtain  an  average 
permeability  after  28  days  of  cure.  Detailed  results  of  permeability  testing 
are  presented  in  Appendix  E. 

236.  Untreated  clav.  The  permeability  specimens  were  prepared  at  Proc¬ 
tor  density  and  allowed  to  cure  for  28  days.  Only  one  permeability  specimen, 
replicate  C,  was  cohesive  enough  for  permeability  testing,  with  a  permeability 
of  3.95E-05  cm/sec.  Replicates  A  and  B  fractured  upon  removal  from  the  molds. 
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Table  17 

Summary  of  Permeabllltv  Test  Results  for  the  Clav 


Veiidor 

Replicate 

Average 

Permeability 

cm/sec 

f 

r 

A 

NA 

\  ■ 

B 

NA 

1 .  '< 

>  ^ 

C 

3.95E-05 

1 

A 

7,56E-05 

B 

4.80E-07 

C 

1.43E-06 

’ 

2 

A 

7.63E-06 

I'i 

B 

2.61E-06 

C 

4.87E-06 

3 

A 

3.67E-08 

If'* 

B 

7.66E-07 

C 

7.38E-05 

ff 

4 

A 

1.73E-05 

B 

6.01E-07 

C 

1.16E-06 

f 

3 

A 

9.54E-04 

f";‘ 

B 

NA 

C 

1.57E-07 

r) 

6 

A 

6.96E-06 

B 

2.43E-06 

m 

C 

4.61E-07 

m 

7 

A 

4.30E-06 

hi 

B 

4.26E-07 

C 

6.63E-07 

V,  ,  i 

):;r 

8 

A 

2.14E-07 

B 

1.61E-07 

i '  '"I' 

C 

1.37E-06 

li 

1.' 

= 

'* 

F' 

( 

f,'f 

1  ■  '< 

1  i' 

I'i 

J  - 

i  j 

i 

Note:  Permeability  ’oal  was 

than  untreated  clay. 

lE-08  cra/.sec  or 

tT'/o  orders  of  magnitude  less 

*  Untreated  clay. 

?  i 

i  ■ 
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Figure  14,  28-day  permeability  results  for  FHC  clay 


237.  Vendor  1 .  The  average  permeabilities  of  replicates  A,  B,  and  C 
were  7.56E-05,  4.80E-07,  and  1.43E-06  cm/sec,  respectively.  The  additions  of 
water  and  binder  to  the  clay  varied  among  replicates,  possibly  causing  the 
variance  among  the  permeability  readings.  Treated  replicate  B  had  a  perme¬ 
ability  two  orders  of  magnitude  less  than  the  permeability  of  the  untreated 
clay  replicate  C.  None  of  the  permeabilities  was  less  than  lE-08  cm/sec. 

238.  Vendor  2 .  The  average  permeabilities  of  Vendor  2's  replicates 
were  7.63E-06,  2.61E-06,  and  4.87E-06  cm/sec,  for  A,  B,  and  C,  respectively. 
The  permeabilities  of  these  specimens  were  one  order  of  magnitude  less  than 
the  untreated  clay  replicate  permeability.  None  of  the  permeability  readings 
was  less  than  lE-08  cm/sec. 

239.  Ver  dor  3 .  The  first  permeability  reading  for  replicate  A  was 
5.52E-08  cm/sec,  five  times  the  permeability  goal  of  lE-08  cm/sec.  The 
average  permeability  of  replicate  A  was  8.57E-08  cm/sec,  approximately  three 
orders  of  magnitude  less  than  the  permeability  of  the  untreated  clay.  Repli¬ 
cate  B  had  an  average  permeability  two  orders  of  magnitude  less  than  the 
untreated  permeability,  but  replicate  C  had  an  average  permeability  of 
7.38E-05  cm/sec,  twice  the  permeability  of  the  untreated  clay  sample.  None  of 
the  permeabilities  was  equal  to  or  less  than  lE-08  cm/sec,  and  replicate  C  was 
not  two  orders  of  magnitude  less  than  the  untreated  clay. 

240.  Vendor  4.  The  average  permeabilities  of  replicates  A,  B,  and 
C  were  1.73E-05,  6.01E-07,  and  1.16E-06  cm/sec,  respectively.  The 
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permeabilities  were  consistent  among  replicates,  but  were  not  equal  to  or  less 
than  lE-08  cm/sec,  the  goal  for  permeability  of  the  treated  clay,  nor  were  the 
permeabilities  two  orders  of  magnitude  less  than  the  untreated  clay 
permeability . 

241.  Vendor  5.  The  average  permeabilities  of  replicates  A  and  C  were 
9.54E-04  and  1.57E-07  cm/sec,  respectively.  The  operator  was  unable  to 
saturate  replicate  B;  therefore,  no  permeability  readings  were  recorded.  The 
average  permeability  of  replicate  A  was  one  order  of  magnitude  greater  than 
the  permeability  of  the  untreated  clay,  but  the  average  permeability  of  repli¬ 
cate  C  was  two  orders  of  magnitude  less  than  the  permeability  of  the  untreated 
clay.  Vendor  5  representatives  added  more  sodium  silicate  to  replicate  A  (at 
a  ratio  of  0.23  g  sodium  sllicate/g  wet  clay)  than  replicates  B  and  C  (at 
0.20  g  sodium  silicate/g  wet  clay),  which  may  explain  the  difference  in  per¬ 
meabilities.  However,  Vendor  5  representatives  added  the  same  amounts  of 
cement  and  sodium  silicate  to  replicates  B  and  C,  but  no  permeability  reading 
was  recorded  for  replicate  B. 

242.  Vendor  6.  The  average  permeabilities  of  replicates  A,  B,  avid 

C  were  6.96E-06,  2.43E-06,  and  4.61E-07  cm/sec,  respectively.  One  permeabil¬ 
ity  reading  on  replicate  C  was  two  orders  of  magnitude  less  than  the  perme¬ 
ability  of  the  untreated  clay,  and  no  permeability  readings  were  less  than  or 
equal  to  lE-08  cm/sec.  The  permeabilities  did  not  meet  the  designated 
criterion. 

243.  Vendor  7,  The  average  permeabilities  for  replicates  A,  B,  and 
C  were  4.30E-06,  4.26E-07,  and  6.63E-07  cm/sec,  respectively.  The  average 
permeability  of  replicate  B  was  approximately  two  orders  of  magnitude  less 
than  the  permeability  of  the  untreated  clay.  The  permeabilities  among  repli¬ 
cates  remained  consistent,  but  no  individual  permeabilities  were  less  than  or 
equal  to  lE-08  cm/sec. 

244.  Vendor  8 ,  The  average  permeabilities  were  2.14E-07,  1.61E-07,  and 
1.37E-06  cm/sec  for  replicates  A,  B,  and  C,  respectively.  Two  replicates,  A 
and  B,  had  permeabilities  two  orders  of  magnitude  less  chan  the  permeability 
of  the  untreated  clay,  but  the  average  permeability  of  replicate  C  was  only 
one  order  of  magnitude  less  chan  Che  permeability  of  the  uncreated  clay.  No 
permeability  readings  were  equal  to  or  less  chan  lE-08  cra/sec. 

Bulk  density 

245.  The  bulk  density  was  measured  in  triplicate  for  each  replicate, 
and  the  results  are  presented  in  Appendix  E. 
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Volumetric  change 

246.  Based  on  the  bulk  density  of  the  treated  material  and  the  Proctor 
density  of  the  untreated  clay,  the  volumetric  change  caused  by  the  addition  of 
binders  was  calculated  as  described  in  the  fill  section.  These  results  are 
summarized  in  Table  18  and  represented  in  Figure  15. 

247.  Untreated  clay.  The  Proctor  densities  of  the  untreated  clay  were 
134.1,  137.2,  and  134.1  Ib/ft^,  for  replicates  A,  B,  and  C,  respectively,  and 
were  the  basis  for  volumetric  increase  calculations.  The  bulk  densities  of 


Table  18 

Results  of  Volumetric  Change  Calculations  for  the  Clay 


Bulk  Density 

Volumetric 

Vendor 

Renlicate 

.  Ib/ft^ 

Increase.  % 

-  -* 

A 

97 

B 

102 

C 

106 

1 

A 

120 

29 

B 

126 

28 

C 

121 

33 

2 

A 

125 

51 

B 

121 

56 

C 

129 

46 

3 

A 

116 

77 

B 

121 

79 

C 

125 

77 

4 

A 

106 

86 

B 

100 

63 

C 

98 

62 

5 

A 

109 

104 

B 

111 

102 

C 

110 

98 

6 

A 

109 

71 

B 

112 

79 

C 

113 

70 

7 

A 

123 

89 

B 

123 

96 

C 

123 

95 

8 

A 

117 

87 

B 

116 

85 

C 

117 

84 

*  Untreated  clay. 
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Vendor 

Figure  15.  Volu.netric  change  resulting  from  the  addition 
of  additives  for  FHC  clay 

Che  untreated  clay  were  97.2,  101.5,  and  105.8  Ib/fc^,  for  replicates  A,.  B, 
and  C,  respectively,  and  were  the  basis  for  volumetric  increase  calculations. 

2^8.  Vendor  1 .  The  volumetric  increases  for  replicates  A,  B,  and 
C  were  29,  28,  and  33  percent,  respectively.  Vendor  1  had  the  lowest  volume 
increase  of  any  of  the  vendors. 

249.  Vendor  2 .  The  volumetric  increase  caused  by  the  addition  of  addi¬ 
tives  for  replicates  A,  B,  and  C  were  51,  56,  and  46  percent,  respectively. 

250.  Vendor  3 ,  The  Vendor  3  process  increased  the  volume  based  on  the 
average  bulk  densities  for  replicates  A,  B,  and  C  by  77,  79,  and  77  percent,, 
respectively . 

251.  Vendor  4 .  The  volume  increase  for  replicate  A  was  86  percent,  and 
the  volume  increases  for  replicates  B  and  C  were  63  and  62  percent,  respec¬ 
tively.  The  higher  volume  increase  for  replicate  A  may  be  attributed  to  any 
number  of  factors.  The  variable  factor  in  the  mixing  process  was  a  0.21  WSR 
for  replicate  A  and  USRs  of  C.23  and  0.26  for  replicates  B  and  C, 
respectively . 

252.  Vendor  5 ,  Vendor  5's  process  doubled  the  volume  required  for  the 
treated  material.  The  volumetric  increases  were  104,  102,  and  98  percent  for 
replicates  A  B,  and  C,  respectively.  Vendor  5's  volumetric  increases 
resulted  mair,j.y  from  additions  of  0,25  cement  and  0.20  sodium  silicate. 
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253.  Vendor  6.  Vendor  6  increased  the  voluae  occupied  by  the  untreated 
material  by  70,  79  an.  70  percent  for  treated  replicates  A,  B,  and  C, 
respectively. 

254.  Vendor  7 .  Vendor  7  increased  the  volume  of  the  clay  by  89, 

96,  and  95  percent  for  replicates  A,  3,  and  C,  respectively,  approximately 
doubling  the  volume  required  for  the  clay.  The  volumetric  increase  may  be 
largely  due  to  the  0.42  ASR  of  fly  ash  added  to  the  clay. 

255.  Vendor  8 .  The  Vendor  8  process  Increased  the  voliune  of  the  clay 
for  replicates  A,  B,  and  C  by  87,  85,  and  84  percent,  respectively.  Vendor 
8  added  a  0.36  ASR  of  blast  furnace  slag  to  the  clay,  which  may  have  largely 
contributed  to  the  volumetric  increase. 

Slump 

256.  The  slump  was  measured  for  each  replicate  of  the  clay  immediately 
after  the  mixing  process  was  complete.  When  two  consecutive  tests  showed  a 
falling  away  characteristic,  the  mixture  lacked  cohesiveness  and  the  slump 
test  was  not  applicable.  The  results  of  the  slump  arc  presented  in 
Appendix  E. 

257.  Vendor  1  slumps  for  Che  replicates  were  6,  5,  and  6.25  in.  for 

A,  B,  and  C,  respectively.  Slumps  of  0  in.  were  calculated  for  all  replicates 
of  mixtures  from  Vendors  2,  3,  4,  7,  and  8.  Vendor  5's  replicate  A  had  a 
slump  of  0.5  in.,  and  Vendor  6  slumps  were  6  in.  for  replicate  C  and  5  in.  for 
replicates  A  and  B. 

Moisture  results 

258.  The  results  of  moisture  content  tests  conducted  on  the  treated 
clay  are  presented  in  Appendix  E.  Moisture  tests  were  performed  in  triplicate 
for  each  replicate  of  the  treated  clay  after  28  days  of  cure. 

Set  time 

259.  The  results  of  the  set  time  conducted  on  the  created  clay  after 
2,  4,  8,  24,  and  48  hr  of  cure  are  presented  in  Appendix  E.  Cl  readings  were 
taken  in  triplicate  for  each  curing  time. 

Specific  gravity 

260.  The  specific  gravities  were  measured  in  triplicate  for  the  treated 
clay  after  28  days  of  cure  and  are  presented  in  Appendix  E. 

Bleed  water 

261.  Vendor  I's  specimens  had  a  layer  of  water  approximately  2  mm  thick 
on  Che  surface  of  the  one  specimen,  replicate  A.  Vendor  5  had  a  layer  of 
water  approximately  1  mm  in  thickness  on  the  surface  of  all  the  specimens. 
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Specimens  prepared  by  Vendors  3,  7,  2,  4,  and  6  did  not  have  a  layer  of  water 
on  their  surface. 

Cracking 

262.  Vendor  I's  specimens  did  not  have  cementitious  properties.  The 
replicate  C  specimens  deformed  when  extruded  from  the  molds.  The  Vendor  3  and 
Vendor  4  specimens  had  small  voids  in  each  of  the  replicates.  Vendor  6's 
specimens  had  small  voids  on  replicates  B  and  C  for  the  clay.  The  Vendor  7 
specimens  had  voids  in  each  of  the  replicates  for  the  clay.  The  Vendor  8 
specimens  had  cracks  approximately  2  to  3  mm  in  length  on  all  three  replicates 
for  the  clay. 


Results  of  Contaminant  Release  Testing 


MWEP-1  results  for  clay 

263.  The  results  of  total  chromium  and  Cr(VI)  in  Che  MVIEP-1  for  treated 
and  untreated  clay  for  each  vendor  S/S  process  are  presented  in  Appendix  E. 
Figures  16  and  17  represent  the  results  of  MUEP-1  concentrations  of  total 
chromium  and  Cr(VI) ,  respectively. 

264.  Untreated  clav.  The  replicate  concentrations  for  the  MWEP-1 
leachates  were  0.081,  0.071  and  0.049  mg/L  for  total  chromium,  and  0.091, 
0.069,  and  0.057  mg/L  for  Cr(VI).  Replicate  A  shows  a  greater  concentration 
of  Cr(VI)  than  total  chromium,  apparently  an  anomaly  in  Che  results.  Most  of 
the  total  chromium  present  in  the  leachates  was  in  the  form  of  Cr(VI). 

265.  Vendor  1 .  The  MWEP-1  concentrations  of  total  chromium  were  all 
above  the  MWEP-1  0.05-mg/L  criterion.  The  mean  MWEP-1  concentration  was 
0.11  mg/L,  and  the  mean  Cr(VI)  concentration  was  <0.038  mg/L. 

266.  Vendor  2 .  The  MWEP-1  concentrations  were  all  above  the  0.05-mg/L 
drinking  water  criterion  for  chromium.  The  chromium  present  was  in  the  form 
of  Cr(VI).  The  mean  Cr(VI)  concentration  was  0.74  mg/L,  and  the  mean  total 
chromium  concentration  was  0.757  mg/L. 

267.  Vendor  3 .  The  mean  MWEP-1  concentration  was  0.12  mg/L  total 
chromium,  and  the  mean  Cr(VI)  concentration  was  0.12  mg/L.  The  chromium  pres¬ 
ent  was  in  the  hexavalent  form  and  caused  the  replicate  concentrations  to  be 
above  the  0.05-mg/L  criterion. 

268.  Vendor  4.  The  mean  concentration  of  the  replicate  total  chromium 
was  0.28  mg/L,  and  the  Cr(VI)  was  0.29  mg/L.  The  concentration  of  CrTVI)  was 
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MWEP-1 


greater  than  the  concentration  of  total  chromium.  The  chromium  in  Vendor  4's 
specimens  was  in  the  form  of  Cr(VI). 

269.  Vendor  5.  The  concentrations  of  total  chromium  in  the  MWEP-1 
leachates  were  0.A6,  0.18,  and  0.32  mg/L  for  all  replicates.  The  concentra¬ 
tions  were  above  the  0.05-mg/L  criterion  for  the  MWEP-1.  The  mean  total  chro¬ 
mium  concentration  was  0.32  mg/L,  and  the  mean  Cr(VI)  concentration  was 

0.26  mg/L,  indicating  a  majority  of  the  chromium  exists  as  Cr(VI). 

270.  Vendor  6 .  The  total  chromium  concentrations  o"  the  MWEP-1 
replicates  were  0.59,  0.51,  and  0.62  mg/L.  The  total  chromium  replicate  con¬ 
centrations  were  above  the  0.05-mg/L  criterion.  The  mean  total  chromium  con¬ 
centration  and  the  Cr(VI)  concentration  were  0.57  mg/L,  Indicating  that 
chromium  that  was  present  in  the  hexavalent  form. 

271.  Vendor  7 ,  The  concentrations  of  total  chromium  in  the  MWEP-1 
replicates  were  0.10,  0.042,  and  0.056  mg/L.  The  concentrations  of  Cr(VI) 
were  0.10,  0.021,  and  0.017  mg/L.  The  second  replicate  total  chromium  concen¬ 
tration  was  less  than  the  0.05-mg/L  criterion,  but  the  remaining  concentra¬ 
tions  were  greater  than  the  0.05-mg/L  criterion. 

272.  Vendor  8 ,  The  mean  MWEP-1  concentration  of  total  chromium  in  the 
replicates  was  0.24  mg/L,  and  the  mean  MWEP-1  Cr(Vl)  concentration  was 
<0.028  mg/L.  The  chromium  existed  in  the  leachates  as  Cr(III).  The  replicate 
leachate  concentrations  were  above  the  0.05-mg/L  concentration  designated  for 
the  MWEP-1. 

TCLP  results  for  clav 

273.  Tne  results  of  the  TCLP  conducted  on  treated  and  untreated  clay 
for  total  chromium  and  Cr(VI)  are  presented  in  Appendix  E.  Figures  18  and  19 
represent  the  results  of  the  TCLP  for  total  chromium  and  Cr(VI),  respectively. 

274.  Untreated  clay.  The  Cr(VI)  TCLP  concentrations  for  untreated  clay 
were  ail  <0.020  mg/L.  The  total  chromium  concentrations  were  0.22,  0.18,  and 
0.18  mg/L,  with  a  mean  total  chromium  concentration  of  0.19  mg/L.  The  concen¬ 
trations  were  below  the  5.0-mg/L  criterion  for  the  TCLP. 

275.  Vendor  1.  The  Vendor  1  process  produced  total  chromium  concentra¬ 
tions  of  4.4,  4.2,  and  4.4  mg/L.  Cr(VI)  concentrations  were  all  <C.020  mg/L, 

meaning  the  chromium  present  was  in  the  trivalent  form. 

276.  Vendor  2.  The  total  chromium  concentrations  in  the  TCLP  conducted 

on  clay  treated  by  Vendor  2  were  0.094,  0.063,  and  0.11  mg/L,  with  a  mean  of 

0.089  mg/L.  The  concentrations  of  Cr(VI)  were  0.075,  0.C46,  and  0.10  mg/L, 
producing  a  mean  concentration  of  0.074  mg/L  Cr(Vl). 
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277.  Vendor  3,  The  total  chromium  concentrations  were  0.062,  0.12,  and 
0.004  mg/L;  the  Cr(VI)  concentrations  were  0.069,  0.19,  and  0.18  mg/L.  The 
Cr(VI)  concentrations  were  higher  than  ^he  total  chromium  concentrations, 
apparently  representing  an  anomaly  in  the  results.  The  mean  concentrations 
for  Cr(VI)  and  total  chromium  were  0.15  and  0.062  mg/L,  respectively. 

278.  Vendor  4.  The  total  chromium  concentrations  for  the  clay  were 
0.012,  0.019,  and  0.21  mg/L.  The  Cr(VI)  concentrations  were  <0.020,  0.049, 
and  0.038  mg/L  for  replicates  1,  2,  and  3,  respectively. 

279.  Vendor  5 .  The  chromium  present  in  the  leachates  was  in  the  hexa- 
valent  form.  The  TCLP  conducted  on  the  treated  clay  had  concentrations  of 
0.57,  0.53,  and  0.62  mg/L  for  total  chromium  and  0.61,  0.56,  and  0.69  mg/L  for 
Cr(VI).  The  Cr(Vl)  concentrations  were  higher  chan  the  total  chromium  concen¬ 
trations  for  all  replicates. 

280.  Vendor  6 ,  The  chromium  present  in  the  TCLP  conducted  on  the 
treated  clay  was  in  the  trivalent  form.  The  concentrations  of  total  chromium 
were  0.072,  0.17,  and  0.050  mg/L;  the  Cr(VI)  concentrations  were  0.021, 

0.061,  and  <0.020  mg/L.  The  concentrations  of  total  chromium  were  all  below 
the  5.0-mg/L  criterion  for  total  chromium  designated  by  the  TCLP. 

281.  Vendor  7  Cr(VI)  concentrations  in  the  TCLP  conducted  on  the 
treated  clay  were  all  <0.020  mg/L.  The  total  chromium  concentrations  were 
7.3,  8.1,  and  10  mg/L.  The  concentrations  of  total  chromium  in  the  TCLP 
leachate  are  above  the  5.0-rag/L  criterion  for  total  chromium  in  the  TCLP. 

282.  Vendor  8 .  The  Cr(VI)  concentrations  in  the  TCLP  were  all 
<0.020  mg/L,  and  the  total  chromium  concentrations  were  4.5,  3.8,  and 
4.4  mg/L.  TTie  concentrations  were  below  the  5.0-mg/L  criterion  for  total 
chromium  in  the  TCLP. 


Effects  of  Dilution  on  Leaching 


■‘iVEP-1  results  for  clav 

283.  Untreated  clay.  The  mean  NTILCs  of  total  chromium  and  Cr(VI)  were 
0.977  and  1.053  mg/kg,  respectively.  Based  on  the  ilMLC  for  total  chromium  and 
Cr(VI),  the  efficiency  of  the  vendor  processes  was  evaluated. 

284.  Vendor  1,  Normalization  of  the  total  chromium  concentrations  pre¬ 
sented  a  KNMTCL  of  1.938  mg/kg.  The  mean  NTiLC  of  the  MNMTCL  increased  by 

98  percent,  and  the  MMKCSL  was  decreased  by  38  percent.  Vendor. 1  decreased 
mobilization  of  Cr(VI)  but  increased  mobilization  of  Cr(III). 
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285.  Vendor  2.  The  mean  NMLC  of  total  chromium  was  11.74  mgAg. 
resulting  in  an  increase  in  the  MNMTCL  of  1,102  percent.  The  mean  NMLC  for 
Cr(VI)  was  11.41  mgAgi  representing  an  increase  in  the  MNMCSL  of  984  percent. 

286.  Vendor  3.  The  mean  NMLC  for  total  chromium  was  2.249  mgAg.  and 
the  mean  NMLC  for  Cr(VI)  was  2.291  mgAg-  The  Vendor  3  process  caused  an 
increase  in  the  MNMTCL  of  130  percent  and  an  increase  in  the  MNMCSL  of 

118  percent. 

287.  Vendor  4,  Based  on  the  mean  total  chromium  NMLC  (5.883  mgAg). 
and  the  mean  Cr(VI)  NMLC  (6.001  mgAg).  there  was  an  increase  in  the  MNMTCL  of 
502  percent  and  an  increase  in  the  MNMCSL  of  470  percent.  The  presence  of 
Cr(VI)  caused  the  increase  in  the  MNMTCL. 

288.  Vendor  5 .  Based  on  the  MNMTCL  of  7.207  mgAg.  the  increase  in 
MNMTCL  was  638  percent.  The  MNMCSL  was  5.842  mgAg.  causing  an  increase  in 
MNMCSL  from  the  untreated  clay  of  455  percent. 

289.  Vendor  6 .  Compared  to  the  mean  normalized  concentration  of  the 
untreated  MVEP-1  leachate,  there  was  an  increase  of  total  chromium  in  the 
treated  leachate  of  1,115  percent  and  an  increase  in  Cr(VI)  of  1,020  percent. 

290.  Vendor  7.  The  second  replicate  represented  an  increase  in  the 
MNMTCL  of  60  percent  when  compared  to  the  untreated  MWEP-1  concentration  for 
that  replicate.  There  was  an  increase  in  the  MNMTCL  of  40  percent  and  a 
decrease  in  the  MNMCSL  of  9  percent. 

291.  Vendor  8.  The  Vendor  8  treatment  process  caused  an  increase  in 
the  MNMTCL  of  366  percent  and  a  decrease  in  the  MNMCSL  of  50  percent.  Vendor 
8  successfully  reduced  Cr(VI),  but  Cr(III)  remained  mobile. 

TCLP  results 

292.  Normalization  of  the  TCLP  results  was  calculated  according  to  the 
methods  described  for  normalization  of  the  MWEP-1  (paragraph  206).  These 
results  are  pre^jcnted  In  Appendix  E. 

293.  Untreated  clav.  The  NMLCs  were  5.603  mgAg  total  chromium  and 
0.578  mgAg  Cr(VI)  in  the  TCLP.  Based  oii  the  NMLCs  for  the  untreated  clay, 
the  efficiency  of  each  vendor  process  was  calculated  as  a  percentage  of  the 
untreated  NMLC. 

294.  Vendor  1 .  The  mean  fIMLC  of  total  chromium  was  146.8  mgAg 
chromium,  producing  a  2,520-percent  increase  in  the  MNMTCL  in  the  TCLP  for 
clay.  The  concentrations  of  Cr(VI)  were  all  <0.020  mg/L.  The  mean  NMLC  for 
Cr(VI)  was  0.678  mg/kg  based  on  the  detection  limit,  producing  a  17-percent 
increase  in  the  MNMCSL. 
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295.  Vendor  2 .  Normalization  of  the  total  chromium  produced  masses  of 
2.863,  2.013,  and  3.384  mg/kg,  respectively,  for  the  replicates.  Vendor  2 
reduced  the  MNMTCL  in  the  treated  TCLP  by  51  percent  and  increased  the  MNMCSL 
by  294  percent. 

296.  Vendor  3.  Based  on  total  chromium  concentrations.  Vendor  3 
reduced  the  MNMTCL  by  59  percent  and  increased  the  MNMCSL  by  843  percent.  The 
MNMTCL  was  2.303  mg/kg,  and  the  MNMCSL  was  5.455  mg/kg. 

297 .  Vendor  4,  The  mean  normalized  total  chromium  leached  was 
2.586  mg/kg,  producing  a  54-percent  reduction  in  the  MNMTCL  compared  to  the 
total  chromium  leached  in  the  TCLP  conducted  on  the  untreated  clay.  The  mean 
NMLC  for  Cr(VI)  was  1.348  mg/kg,  resulting  in  a  133 -percent  increase  in  the 
MNMCSL. 

298.  Vendor  5,  The  mean  NMLCs  for  total  chromium  and  Cr(VI)  were 
25.666  and  27.764  mg/kg,  respectively.  The  Vendor  5  process  increased  the 
NMTCL  for  the  treated  clay  compared  to  NMTCL  for  untreated  clay  by  358  per¬ 
cent.  The  MNMCSL  was  increased  by  4,701  percent. 

299.  Vendor  6 ,  I'he  mean  NMLC  of  total  chromium  was  3.999  mg/kg, 
decreasing  the  MNMTCL  by  29  percent.  The  mean  NMLC  for  Cr(VI)  was  1.397 
®gAg.  resulting  in  a  142 -percent  increase  in  the  .MNMCSL. 

300.  Vendor  7 .  The  NMLC  was  347.174  mgAg  total  chromium,  representing 
a  6,097-percent  increase  in  total  chromium  leached  in  the  TCLP.  All  Cr(VI) 
concentrations  were  <0.020  mg/L.  The  mean  NMLC  for  Cr(VI)  was  0.823  based  on 
the  detection  limit,  an  increase  in  Che  MNMCSL  of  42  percent. 

301.  Vendor  8 ,  The  MNMTCL  was  158.328  mg/kg,  representing  a 
2,726-percent  increase  in  the  .MNMTCL  in  the  TCLP.  All  Cr(VI)  concentrations 
were  <0.020  mg/L.  Based  on  Che  detection  limit,  the  mean  NMLC  for  Cr(VI)  was 
0.749  mg/kg,  an  increase  in  the  MNMCSL  of  30  percent. 

Standard  Deviation  and  Relative  Standard  Deviation 


MWEP  -  total  chromium 

302.  Untreated.  The  NMLCs  for  replicates  A,  B,  and  C  were  1.21,  1.06, 
and  0.66  mg/kg,  respectively.  The  NMLC  standard  deviation  for  the  clay  was 
0.283  with  a  NMLC  RSD  of  29  percent. 

303.  Vendor  1.  Vendor  1  varied  the  amount  of  additive  used  among  their 
replicates;  therefore,  precision  of  the  results  must  be  based  on  Che  NMLC. 

The  NMLCs  for  replicates  A,  B,  and  C  were  1.09,  2.18,  and  2.54  mg/kg. 
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respectively.  The  standard  deviation  of  the  NMLC  for  clay  was  0.76.  The 
MWEP-1  concentrations  for  the  treated  clay  had  an  average  precision  of  39 
percent  for  the  clay,  based  on  NMLC  calculations. 

304.  Vendor  2.  The  NMLCs  for  replicates  A,  B,  and  C  were  9.75,  10.86, 
and  14.61  mg/kg,  respectively.  Precision  of  the  NMLC  for  the  clay  was  22 
percent.  The  standard  deviation  of  the  NMLC  calculated  for  the  clay  was  2.55. 

305.  Vendor  3,  The  NMLCs  for  replicates  A,  B,  and  C  were  2.48,  2.20, 
and  2.07  mg/kg,  respectively.  The  NMLC  standard  deviation  for  the  clay  was 
0.21.  Based  on  the  NMLC,  the  precision  of  the  clay  was  9  percent. 

306.  Vendor  4.  The  NMLCs  for  replicates  A,  B,  and  C  were  0.34,  11.76, 
and  5.55  mg/kg,  respectively.  The  NMLC  standard  deviation  for  the  clay  was 
5.88,  and  the  NMLC  RSD  was  97  percent.  Two  replicate  concentrations  were 
0.57  and  0.26  mg/L.  The  other  replicate  concentration  for  the  MWEP-1  was 
0.02  mg/L,  causing  a  large  NMLC  RSD. 

307.  Vendor  5 .  The  NTiLCs  were  10.47,  3.90,  and  7.25  mg/kg  for  repli¬ 
cates  A,  B,  and  C,  respectively.  The  clay  NMLC  standard  deviation  was 

3.29  with  an  NMLC  RSD  of  46  percent. 

308.  Vendor  6 .  The  NMLCs  were  12.20,  10.37,  and  13.04  mg/kg  for  repli¬ 
cates  A,  B,  and  C,  respectively.  Based  on  NMLC  concentrations,  the  standard 
deviation  was  1.36  and  the  NMLC  RSD  11  percent. 

309.  Vendor  7.  The  NMLCs  were  2.12,  0.86,  and  1.12  mg/kg  for  repli¬ 
cates  A,  B,  and  C,  respectively.  The  NMLC  standard  deviation  for  the  clay  was 
0.66  and  the  NMLC  RSD  was  49  percent. 

310.  Vendor  6  ,  The  NMLCs  were  4.93,  4,80,  and  3.93  mg/kg  for  repli¬ 
cates  A,  B,  aP'j  C,  respectively.  The  'WLC  standard  deviation  for  the  clay  was 
0.54  and  the  NMLC  RSD  was  12  percent. 

MWEP  -  chromium  (VI) 

311.  Untreated .  The  NMLCs  for  replicates  A,  B,  and  C  were  1.36,  1.03, 
and  0.77  mg/kg,  respectively.  The  NMLC  standard  deviation  for  the  clay  was 
0.295  with  an  NMLC  RSD  of  28  percent. 

312.  Vendor  1 ,  The  ?IMLCs  for  replicates  A,  B,  and  C  were  <0.39,  <0.83, 
and  <0.74  mg/kg,  respectively.  The  NMLC  standard  deviation  was  0.233,  and  the 
NMLC  RSD  was  35  percent. 

313.  Vendor  2 .  The  NTiLCs  for  replicates  A,  B,  and  C  were  9.90,  9.27, 
and  15.08  mg/kg,  respectively.  Tlie  NiiLC  standard  deviation  for  the  clay  was 
3.19,  with  an  NMLC  RSD  of  28  percent. 
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314.  Vendor  3.  The  NMLCs  for  replicates  A,  B,  and  C  were  1.68,  2.75, 
and  2.45  mg/kg,  respectively.  The  NMLC  standard  deviation  for  the  clay  was 
0.55,  and  the  NMLC  R£  was  24  percent. 

315.  Vendor  4.  The  NMLCs  for  replicates  A,  B,  and  C  were  1.11,  11.35, 
and  5.55  mg/kg,  respectively.  The  NMLC  RSD  was  86  percent.  The  high  NMLC  RSD 
for  the  clay  was  the  result  of  one  concentration  that  was  one  order  of  magni¬ 
tude  less  than  the  remaining  two.  In  calculating  the  NMLC  RSD,  the  detection 
limit  was  used  with  the  other  two  replicate  concentrations. 

316.  Vendor  5 .  The  NMLCs  were  6.83,  3.90,  and  6.80  mg/kg  for  repli¬ 
cates  A,  B,  and  C,  respectively.  The  NMLC  standard  deviation  was  1.68  with  an 
NMLC  RSD  of  29  percent. 

317.  Vendor  6 .  The  concentrations  of  the  clay  replicates  were  0.62, 
0.51,  and  0.58  mg/L,  all  within  a  0.11-mg/L  difference.  The  NMLCs  were  12.82, 
10.37,  and  12,20  mg/kg  for  replicates  A,  B,  and  C,  respectively.  For  the 
clay,  the  NMLC  standard  deviation  was  1.27  and  the  NMLC  RSD  was  11  percent. 

318.  Vendor  7 ,  The  NMLCs  were  2.11,  0.43,  and  0.34  mg/kg,  for  repli¬ 
cates  A,  B,  and  C,  respectively.  One  concentration  among  the  replicates  was 
one  order  of  magnitude  greater  than  the  ocher  concentrations,  causing  a  rela¬ 
tively  high  NMLC  RSD.  The  NMLC  standard  deviation  was  1.00  with  an  NMLC  RSD 
of  104  percent. 

319.  Vendor  8.  For  Che  clay,  the  concentrations  were  <0.027,  <0.029, 
and  <0.028  mg/L.  Based  on  the  detection  limit  concentrations,  the  NMLC  con¬ 
centrations  were  calculated.  The  NMLCs  were  0,49,  0.56,  and  0.52  mg/kg  for 
replicates  A,  B,  and  C,  respectively.  The  NMLC  standard  deviation  was  0.032, 
and  the  NMLC  RSD  was  6  percent. 

TCLP  -  total  chromium 

320.  Untreated ,  The  replicate  concentrations  were  within  0.03  mg/L 
among  replicates.  The  NMLCs  for  replicates  A,  B,  and  C  were  6.57,  5.37,  and 
4.86  mg/kg,  respectively.  The  tDlLC  standard  deviation  was  0.875,  and  the  NMLC 
RSD  was  16  percent. 

321.  Vendor  1 .  The  NMLCs  for  replicates  A,  B,  and  C  were  128,15, 

152.30,  and  160.00  mg/kg,  respectively.  The  NMLC  standard  deviation  was 
16.61.  The  NMLC  RSD  clay  was  11  percent. 

322.  Vendor  2.  The  NMLCs  for  replicates  A,  B,  and  C  were  2.86,  2.01, 
and  3.38  mg/kg,  respectively,  providing  a  NMLC  RSD  for  the  clay  of  25  percent. 

323.  Vendor  3 .  The  NMLCs  were  2.37,  4.39,  and  0.151  mg/kg  for  repli¬ 
cates  A,  B,  and  C,  respectively.  The  lowest  NMLC  was  based  on  a  TCLP 
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concentration  of  O.OOA  mg/L  and  was  two  orders  of  magnitude  less  than  one  of 
the  replicates.  The  NMLC  RSD  was  92  percent. 

324.  Vendor  4 .  The  concentrations  of  chromium  in  the  clay  were  0.012, 
0.019,  and  0.21,  which  normalized  to  0.511,  0.784,  and  6.46  mg/kg,  respec¬ 
tively.  Based  on  the  NMLC  concentrations,  the  NMLC  RSD  was  130  percent. 

325.  Vendor  5 .  TCLP  concentrations  of  0.57,  0.53,  and  0.62  mg/L  nor¬ 
malized  to  25.95,  22.95,  and  28.10  mg/kg,  respectively.  The  NMLC  standard 
deviation  was  2.59  with  a  NMLC  RSD  of  10  percent. 

326.  Vendor  6 .  The  TCLP  concentrations  were  0.07,  0.17,  and  0.05  mg/L, 
which  correspond  to  NMLCs  of  2.98,  6.91,  and  2.10  mg/kg,  respectively.  The 
NMLC  standard  deviation  was  2.56,  and  the  NMLC  RSD  was  64  percent. 

327.  Vendor  7 ,  The  total  chromium  concentrations  in  the  clay  repli¬ 
cates  were  7.3,  8.1,  and  10.0  mg/L.  The  NMLCs  were  309.26,  331.91,  and 
400.35  mg/kg,  respectively.  The  NMLC  standard  deviation  was  47.4,  and  the 
NMLC  RSD  was  14  percent. 

328.  Vendor  8,  The  concentrations  of  total  chromium  in  the  clay  were 
4.5,  3.8,  and  4.4  mg/L  and  were  normalized  to  164.3,  146.0,  and  164.7  mg/kg, 
respectively.  Based  on  the  NMLC,  the  standard  deviation  was  10.7  and  the  NMLC 
RSD  was  7  percent. 

TCLP  •  chromium  (VI) 

329.  Untreated .  The  concentrations  of  Cr(VI)  in  the  clay  were 
<0.020  mg/L  for  all  replicates.  Based  on  the  detection  limit  of  0.020  mg/L, 
the  NMLCs  were  calculated  as  0.60,  0.60,  and  0.54  mg/kg  for  the  clay.  The 
NMLC  standard  deviation  for  the  clay  was  0.033,  and  the  NMLC  RSD  was 

6  percent. 

330.  Vendor  1 .  The  concentrations  of  Cr(VI)  for  the  clay  were  all 
<0.020  mg/L.  The  clay  NMLCs  were  0.58,  0.73,  and  0.73  mg/kg  with  a  standard 
deviation  of  0.083  and  NMLC  RSD  of  12  percent. 

331.  Vendor  2 .  The  tlMLCs  for  clay  were  2.28,  1.47,  and  3.08  mg/kg  with 
a  standard  deviation  of  0.803  and  NMLC  RSD  of  35  percent. 

332.  Vendor  3 .  Based  on  the  concentrations  of  Cr(VI)  in  the  untreated 
clay.  Vendor  3  mobilized  Cr(VI).  The  concentrations  of  Cr(VI)  were  0.07, 

0.19,  and  0.18  mg/L  and  were  normalized  to  2.63,  6.96,  and  6.78  mg/kg,  respec¬ 
tively.  The  NMLC  RSD  was  45  percent. 

333.  Vendor  4.  The  t-JMLCs  for  the  clay  were  0.85,  2.02,  and  1.17  mg/kg 
with  a  standard  deviation  of  0.605  and  NMLC  RSD  of  45  percent. 
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334.  Vendor  5 .  The  concentrations  in  the  TCLP  extracts  were  0.61, 

0.56,  and  0.69  mg/L.  The  NMLCs  were  27.77,  24.25,  and  31.28  mgAg  of  Cr(VI) 
leached  with  a  standard  deviation  of  3.515  and  NMLC  RSD  of  13  percent. 

335.  Vendor  5.  The  NMLC  standard  deviation  and  NMLC  RSD  for  the  clay 
were  0.939  and  67  percent,  respectively,  based  on  NMLCs  of  0.87,  2.48,  and 
0.84  tngAB- 

336.  Vendor  7.  The  concentrations  of  Cr(VI)  in  the  clay  leachates  were 
all  <0.020  mg/L.  Nomialization  based  on  0.020  mg/L  for  the  clay  resulted  in 
NMLCs  of  0.85,  0.82,  and  0.80  mgAg-  The  NMLC  standard  deviation  was  0.023, 
and  the  NMLC  RSD  was  3  percent. 

337.  Vendor  8.  The  Vendor  8  concentrations  in  the  TCLP  extracts  for 
the  clay  were  all  <0.020  mg/L.  NMLCs,  which  were  calculated  based  on  a 
concentration  of  0.020  mg/L,  were  0.73,  0.77,  and  0.75  mgAg-  The  NMLC 
standard  deviation  and  NMLC  RSD  for  the  clay  were  0.019  and  3  percent, 
respectively. 

Analysis  of  variance  for  MUEP-l  and  TCLP 

338.  MWEP- 1 .  The  results  of  the  AiTOVA  conducted  on  the  clay  for  the 
MWEP-1  are  presented  in  Table  19.  An  ANOVA  conducted  on  the  MWEP-1  data 
showed  four  groups  of  data.  Vendors  6  and  2  are  not  significantly  different, 
and  Vendors  4  and  5  are  not  significantly  different.  Vendors  4,  8,  3,  1,  and 
7  are  intertwined  in  groups  that  are  not  significantly  different. 

339.  TCLP .  The  results  of  an  ANOVA  conducted  on  the  clay  on  the  TCLP 
are  also  presented  in  Table  19.  For  the  clay,  the  TCLP  data  contains  three 
groups.  Vendor  7  is  significantly  different  from  the  remaining  vendors. 

Vendors  8  and  1  are  not  significantly  different  and  are  the  second  group. 

Group  3  contains  the  remaining  vendors,  which  are  not  significantly  different. 
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PART  V;  CONCLUSIONS  AND  RECOMMENDATIONS 

Concluslor.s 

340.  A  bench- scale  study  conducted  on  FHC  fill  and  clay  was  conducted 
to  evaluate  the  effectiveness  of  S/S  technologies  on  immobilization  of  chro¬ 
mium  and  Cr(VI).  The  physical  tests  conducted  on  the  untreated  fill  and  clay 
were  moisture  content,  UCS ,  bulk  density,  permeability,  grain  size  analysis, 
Proctor  density,  specific  gravity,  Atterberg  limits,  and  resistance  to  pene¬ 
tration.  The  physical  tests  conducted  on  the  treated  fill  and  clay  were  mois¬ 
ture  content,  UCS,  bulk  density,  permeability,  specific  gravity,  set  time, 
b'^eed  wacer,  slump,  cracking,  and  wet/dry  durability.  Chemical  characteriza- 
t'on  tcasisted  of  MUEP-1,  TCLP,  and  bulk  chemistry  analyses  for  the  treated 
>  ant  iated  fill  and  clay.  Tables  20  and  21  present  the  results  of  the 
pbys; cal  and  chemical  tests  for  the  fill  and  clay,  respectively,  on  a 
pass/aail  basis.  Conclusions  based  on  these  results  are  summarized  below. 

Table  20 

Results  of  Physical  and  Chemical  Tests  Conducted  on 
Frontier  Hard  Chrome  Fill 


Criterion 


Vendor 

UCS  - 
>50  psi 

Permeability  - 
lE-08  cm/sec 
or  2  Orders  of 
Maen.  <  Untreated 

Wet/Dry  - 
30%  Solids 
Loss 

MUEP-1  - 
0.05  me/L 

TCLP  - 
5.0  mz/L 

,  -* 

Fail 

Fail** 

NA 

Fail 

Pass 

1 

Fail 

Fail 

Fail 

Fail 

Pass 

2 

Pass 

Fail 

Pass 

Fail 

Pass 

3 

Pass 

Fail 

Pass 

Fail 

Pass 

4 

Pass 

Fall 

Pass 

Fail 

Pass 

5 

Pass 

Fail 

Pass 

Fail 

Pass 

6 

Pass 

Fail 

Pass 

Fail 

Pass 

7 

Pass 

Fail 

Pass 

Fall 

Pass 

8 

Pass 

Fail 

Pass 

Fail 

Pass 

*  Untreated  fill. 

**  The  permeability 

results  for  the  untreated  fill  were 

not  <lE-08 

cm/sec . 
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Table  21 


Results  of  Physical  and  Chemical  Tests  Conducted  on 
Frontier  Hard  Chrome  Clay 


Criterion 


Vendor 

UCS  - 
>50  nsi 

Permeability  - 
lE-08  cm/sec 
or  2  Orders  of 
Maen.  <  Untreated 

Wet/Dry  - 
30%  Solids 
Loss 

MWEP-1  - 
0.05  me/L 

TCLP  - 
5.0  me/L 

-  -* 

Fail 

Fail** 

NA 

Fail 

Pass 

1 

Fail 

Fail 

Fail 

Fail 

Pass 

2 

Pass 

Fail 

Pass 

Fail 

Pass 

3 

Fall 

Fail 

Pass 

Fail 

Pass 

4 

Fail 

Fail 

Pass 

Fail 

Pass 

5 

Pass 

Fail 

Pass 

Fail 

Pass 

6 

Pass 

Fail 

Pass 

Fail 

Pass 

7 

Pass 

Fail 

Pass 

Fail 

Fail 

8 

Pass 

Fail 

Pass 

Fail 

Pass 

*  Untreated  clay. 

**  The  permeability  results  for  the  untreated  fill  were  not  <lE-08  cm/sec. 


a.  Binders  can  be  added  to  the  fill  and  clay  to  produce  UCS 
values  above  the  50-psi  criteria.  The  following  vendors 
were  si’.ccessful  in  meeting  the  50-psi  criteria  for  the  fill 
and  clay:  Vendor  2,  Vendor  5,  Vendor  6,  Vendor  7,  and 
Vendor  8. 

b.  None  of  the  vendors  was  successful  in  reducing  the  perme¬ 
ability  of  the  fill  and  clay  to  lE-08  cm/sec  or  two  orders 
of  magnitude  less  than  the  permeability  of  the  untreated 
fill  and  clay. 

c.  The  S/S  processes  applied  in  this  investigation  can  produce 
specimens  that  pass  12  cycles  of  the  wet/dry  test.  Vendor  1 
specimens  failed  to  pass  the  wet/dry  test,  but  the  remaining 
vendors  were  successful. 

d.  Although  a  large  portion  of  the  fill  contains  debris,  the 
fill  and  clay  can  be  mixed  with  the  binders. 

e.  The  treated  fill  and  clay  can  pass  the  5.0-mg/L  TCLP  crite¬ 
rion  for  chromium.  Excluding  Vendor  7,  the  remaining  ven¬ 
dors  passed  the  TCLP. 

£.  The  S/S  processes  applied  in  this  investigation  did  not  pass 
the  0.05-mg/L  criterion  for  chromium  in  the  hWE?-l. 

g.  Cr(VI)  can  be  reduced  by  reagents  added  to  the  S/S  process. 
Cr(VI)  concentrations  in  the  untreated  fill  and  clay  were 


89 


below 


<0  020  indicating  that  reactions  with  the  acetic  acid 

fluid  .4  r.du=.  cr(VI)  vUhou. 

MUEP-1  three  vendors  were  successful  in  r  o 

fill  Ld  clay  Vendor  1,  Vendor  7,  and  Vendor  8. 
the  tlii.  ana  cray.  mral  chromium  concentra- 

Although  Cr(VI)  was  reduced  he  otal  c^om_^^ 


^jr _ J4  J 


j?e  commendations 


341. 


Recommendations  based  on  results  of  this  study  are 


summarized 


a-  Tlie  criteria  designated  for  the 

Discussions  during  the  design  phase  of  the 

investigation  revealed  that  the  criteria  may  not  be  within 
relch  Reevaluation  of  the  criteria  may  be  necessary.^  ^ 

b  Although  some  of  the  S/S  processes  reduced  the 
“■  chromtin  in  the  MWEP-1,  the  0.05-mg/L  criterionwas  not 

achieved.  Determinations  as  to  whether  this  criterion  is 

applicable  must  be  made  before  preceding  with 

the  S/S  technologies  demonstrated  in  this  inves  g 

c  Based  on  the  bench-scale  evaluation,  application  of  some  of 
the  S/S  technologies  investigated  in  this  study 
physiLl  handling  properties  of  the  soi  s  ’ 

indicating  success  might  be  attainable  in  a  1 

tion  However,  the  chromium  concentrations  in  TCLP  ano  nWEr 
leachates  were  greater  after  treatment  than 

treatment,  indicating  that  S/S  technologies  should  not  be 
applied  to  improve  chemical  properties  of  the  soil  . 
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APPENDIX  A;  INITIAL  SCREENING  TEST  RESULTS,  WES 


Matrix  of  Specl-.aer.s  Prepared  for  Initial  $oll/Btndei 
Screening  for  the  Frontier  Hard  Chrome  Fill 


Blnder/Soll  Ratio 
Cement/soil 

O.J 

O.A 

0.7 

1.4 

0.1 

0.4 

0.7 

1.4 


Water/Soll  Ratio 


0.1 

0.1 

0.1 

0.1 

0.3 

0.3 

0.3 

0.3 


Number  ojl  ju. 


1 

1 

1 

1 

1 

1 

1 

1 


Total:  8 


A.lme/fly  ash/soil 

0. 1/0.1 

0.1 

1 

0. 1/0.4 

0.1 

1 

0.1/0. 7 

0.1 

1 

0.4/0. 1 

0.1 

1 

0.4/0. 4 

0.1 

1 

0.4/0. 7 

0.1 

1 

0. 7/0.1 

0.1 

1 

0. 1/0.1 

0.3 

1 

0. 1/0.4 

0.3 

1 

0.1/0. 7 

0.3 

1 

0.4/0. 1 

0.3 

1 

0.4/0. 4 

0.3 

1 

0.4/0. 7 

0.3 

1 

0. 7/0.1 

0.3 

1 

0.7/0. 4 

0.3 

1 

0.7/0. 7 

0.3 

1 

Table  A2 

Results  of  the  Initial  Screening  Tests  Conducted  b'' 
WES  on  Frontier  Hard  Chrome  Fill 


’  Binder/Soil  Ratio 

Water/Soil  Ratio 

*Cone  Index  Value,  ps 

i 

1 

-■  Cement/soil 

(Cure 

4 

Time,  hr) 

8 

24 

I 

'  0.1 

0.1 

0 

60 

247 

750+ 

1 

i  0.4 

0.1 

37 

177 

750+ 

750+ 

]  0.7 

0.1 

137 

703 

750+ 

750+ 

1' 

1.4 

0.1 

750+ 

750+ 

750+ 

750+ 

r 

0.1 

0.3 

0 

0 

293 

100 

0.4 

0.3 

0 

0 

30 

750+ 

0.7 

0.3 

0 

20 

643 

750+ 

1 

1.4 

0.3 

17 

490 

750+ 

750+ 

1,. 

Lime/fly  ash/soil 

0. 1/0.1 

0.1 

35 

25 

40 

63 

t 

pi 

0. 1/0.4 

0.1 

10 

27 

23 

33 

t' 

0.1/0. 7 

0.1 

87 

158 

150 

217 

If'; 

0.4/0. 1 

0.1 

387 

357 

583 

703 

0 . 4/0 . 4 

0.1 

183 

340 

193 

83 

0 . 4/0 . 7 

0.1 

192 

607 

700 

307 

0 . 7/0 . 1 

0.1 

527 

517 

505 

500 

i 

0. 1/0.1 

0.3 

0 

0 

0 

0 

0. 1/0.4 

0.3 

0 

0 

0 

3 

0.1/0. 7 

0.3 

0 

0 

0 

7 

^ 

0.4/0. 1 

0.3 

20 

20 

30 

30 

J  ' '' 

0.4/0. 4 

0.3 

73 

133 

103 

207 

t''  1 

0.4/0. 7 

0.3 

147 

247 

223 

280 

f  1 

0 . 7/0 . 1 

0.3 

207 

250 

190 

297 

'  1 

0.7/0. 4 

0.3 

180 

180 

133 

217 

^  1 

0. 7/0. 7 

0.3 

153 

173 

160 

203 

"i 


*  Represents  an  average  of  three  replicates. 


Water/Clav  Ratio 


[umber  of  Specimens 


Cement/clay 


0.1 

0.1 

1 

0.4 

0.1 

1 

0.7 

0.1 

1 

1.4 

0.1 

1 

0.1 

0.2 

1 

0.4 

0.2 

1 

0.7 

0.3 

1 

1.4 

0.3 

1 

Total:  8 

Lime/fly  ash/clay 

0. 1/0.1 

0.1 

1 

0. 1/0.4 

0.1 

1 

0.1/0. 7 

0.1 

1 

0 . 4/0 . 1 

0.1 

1 

0.4/0. 4 

0.1 

1 

0.4/0. 7 

0.1 

1 

0. 1/0.1 

0.3 

1 

0. 1/0.4 

0.3 

1 

0.1/0. 7 

0.3 

1 

0.4/0. 1 

0.3 

1 

0.4/0. 4 

0.3 

1 

0.4/0. 7 

0.3 

1 

0. 7/0.1 

0.3 

1 

0. 7/0.4 

0.3 

1 

0.7/0. 7 

0.3 

1 

Total:  15 


Table  A4 

Results  of  the  Initial  Screening  Tests  Conducted  by 
WES  on  Frontier  Hard  Chrone  Clay 


*Cone  Index  Value . 

DSi 

Cement/clay 

1 

(Cure 

4 

Time,  hr) 
8 

24 

0.1 

0.1 

25 

147 

347 

487 

0.4 

0.1 

160 

348 

750+ 

750+ 

0.7 

0.1 

245 

190 

750+ 

750+ 

1.4 

0.1 

750+ 

750+ 

750+ 

750+ 

0.1 

0.2 

0 

55 

127 

217 

0.4 

0.2 

18 

262 

387 

750+ 

0.7 

0.3 

43 

150 

447 

750+ 

1.4 

0.3 

127 

408 

750+ 

750+ 

Limc/fly  ash/clay 

0 . 1/0 . 1 

0.1 

60 

67 

183 

63 

0.1/C. 4 

0.1 

130 

173 

190 

193 

0.1/0. 7 

0.1 

35 

63 

53 

65 

0.4/0. 1 

0.1 

117 

160 

143 

203 

0 . 4/0 . 4 

0.1 

75 

103 

133 

180 

0.4/0. 7 

0.1 

102 

133 

167 

195 

0. 1/0.1 

0.3 

0 

0 

0 

13 

0. 1/0.4 

0.3 

0 

7 

3 

10 

0.1/0. 7 

0.3 

3 

7 

20 

37 

0.4/0. 1 

0.3 

43 

50 

30 

100 

0.4/0. 4 

0.3 

180 

193 

190 

263 

0.4/0. 7 

0.3 

140 

153 

187 

197 

0. 7/0.1 

0.3 

167 

163 

193 

217 

0. 7/0.4 

0.3 

217 

163 

357 

267 

0.7/0. 7 

0.3 

157 

150 

223 

150 

*  Represents  an  average  of  three  replicates. 
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APPENDIX  B:  RESULTS  OF  PHYSICAL  TESTS  CONDUCTED  ON  UNTREATED  FILL 


Table  B1 

Results  of  Moisture  Content  Conducted  on  Fill 


Sample 

_ID_ 


Moisture* 
(%) _ 


Replicate  A 


UC-SA-Bl 

UC-SA-B2 

UC-SA-B3 

UC-SA-BA 

UC-SA-B5 

UC-SA-B6 

UC-SA-B7 

UC-SA-BS 

UC-SA-B9 

UC-SA-BIO 

UC-SA-Bll 


UC-SB-Bl 

UC-SB-B2 

UC-SB-B3 

UC-SB-BA 

UC-SB-B5 

UC-SB-B6 

UC-SB-B7 

UC-SB-B8 

UC-SB-B9 

UC-SB-BIO 

UC-SB-Bll 


UC-SB-Bl 

UC-SB-B2 

UC-SB-B3 

UC-SC-BA 

UC-SC-B5 

UC-SC-B6 

UC-SC-B7 

UC-SC-B8 

UC-SC-B9 

UC-SC-BIO 

UC-SC-Bll 


29.75 
2A.22 
25.05 
29.36 
28.71 
28.87 
28. 3A 
27.23 
29.96** 
27.25 
28.18 

Average  27.9 


Replicate  B 


23.07 

23.88 

22.77 

2A.21 

20.92 

20. OA 

17.11** 

2A.31 

17.33 

22.90 

11. kl 

Average  21.7 


Replicate  C 


23.75 

26. 9A 

2A.95 

2A.93 

2A.07 

2A.37 

23.68 

22.71** 

25. 6A 

2A.51 

28.28 

Average  2A.8 


*  Moisture  based  on  wet  weight/dry  solids. 

**  These  buckets  were  used  by  WES  for  initial  screening 
tests  and  Cr(VI)  reduction  studies. 
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Table  B2 

Results  of  Moisture  Contents  Conducted  on  Sieved  Fill* 


Sample 

ID 

UC-SA-Bl 

UC-SA-B2 

UC-SA-B3 

UC-SA-B4 

UC-SA-B5 

UC-SA-B6 

UC-SA-B7 

UC-SA-B8 

UC-SA-B9 

UC-3A-B10 

UC-SA-Bll 

UC-SB-Bl 

UC-SB-B2 

UC-SB-B3 

UC-SB-B4 

UC-SB-B5 

UC-SB-B6 

UC-SB-B7 

UC-SB-B8 

UC-SB-B9 

UC-SB-BIO 

UC-SB-Bll 

UC-SC-Bl 

UC-SC-B2 

UC-SC-B3 

UC-SC-B4 

UC-SC-35 

UC-SC-B6 

UC-SC-B7 

UC-SC-B8 

UC-SC-B9 

UC-SC-BIO 

UC-SC-Bll 


Moisture** 
(%) _ 

40.36 
42.16 

42.31 

41.31 
33.89 

43.50 

41.76 
39.59 
40.29 
40.64 
38.98 

32.84 
35.80 

37.76 

37.50 

35.94 
38.26 

30.84 
33.04 

35.94 

35.85 

37.61 

37.50 
34.53 

39.11 

37.37 

35.94 
39.08 

38.12 
38.71 

38.31 

38.62 

39.12 


*  Sieved  through  a  No.  10  (2.0-ma)  sieve. 
**  Moisture  based  on  wet  weight/dry  solids. 
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BiaCTiaBaacE^^ 


Weight 

— g - 

0.00 

93.90 

708.70 

927.70 
654.30 

405.80 

216.90 

6.00 

15.60 

20.80 

23.80 

26.70 

29.90 

33.60 
36.30 
39.00 

40.60 

41.80 


Table  B3 

Particle  Size  Analysis  for  Frontier  Hard  Chrome  Fill 


Sieve  Size  (in.) 
or  Number 

Opening 

mn 

Percent 

Finer 

Cumulative 

Percent 

Fill  Reolicate  1 

1.5 

37.50 

100.00 

0.00 

1 

25.00 

98.50 

1.50 

3/4 

19.10 

86.90 

13.10 

1/2 

12.50 

71.80 

28.20 

3/8 

9.50 

61.20 

38.80 

No. 

3 

6.35 

54.60 

45.40 

No. 

4 

4.75 

51.10 

48.90 

No. 

6 

3.35 

46.40 

53.60 

No. 

10 

2.00 

39.00 

61.00 

No. 

16 

1.18 

35.00 

65.00 

No. 

20 

0.85 

32.70 

67.30 

No. 

30 

0.60 

30.40 

69.60 

No. 

40 

0.43 

28.00 

72.00 

No. 

50 

0.30 

25.10 

74.90 

No. 

70 

0.21 

22.80 

77.20 

No. 

100 

0.15 

20.90 

79.10 

No. 

140 

0.11 

19.70 

80.30 

No. 

200 

0.08 

18.80 

81.20 

%  Gravel 
%  Sand 
%  Fines 


43.9  Liquid  limit 

32.3  Plasticity  limit 

18.8  Plasticity  index 

Specific  gravity 

(Continued) 


37 

32 

5 

2.70 
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Table  B3  (Continued) 


Weight 

Sieve  Size  (in.) 

Opening 

Percent 

Cumulative 

. e  . 

or  Number 

nUT! 

Finer 

Percent 

Fill  Replicate  2 

0.00 

1.5 

37.50 

100.00 

0.00 

101.30 

1 

25.00 

98.20 

1.80 

317.30 

3/4 

19.10 

92.70 

7.30 

733.90 

1/2 

12.50 

79.90 

20.10 

536.00 

3/8 

9.50 

70.50 

29.50 

518.30 

No. 

3 

6.35 

61.50 

38.50 

315.30 

No. 

4 

4.75 

56.00 

44.00 

5.80 

No. 

6 

3.35 

52.20 

47.80 

18.70 

No. 

10 

2.00 

43.80 

56.20 

27.00 

No. 

16 

1.18 

38.30 

61.70 

31.90 

No. 

20 

0.85 

35.10 

64.90 

36.40 

No. 

30 

0.60 

32.20 

67.80 

41.50 

No. 

40 

0.43 

28.90 

71.10 

48.20 

No. 

50 

0.30 

24.50 

75.50 

53.20 

No. 

70 

0.21 

21.20 

78.80 

57.10 

No. 

100 

0.15 

18.60 

81.40 

59.90 

No. 

140 

0.11 

16.80 

83.20 

62.00 

No. 

200 

0.08 

15.40 

84.60 

%  Gravel 
%  Sand 
%  Fines 


4A.0 

i»0.6 

15.4 


Liquid  limit 
Plasticity  limit 
Plasticity  index 
Specific  graviry 


(Continued) 


44 

40 

4 

2.69 
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Table  B3  (Concluded) 


Weight 

e 

Sieve  Size  (in. ) 
or  Humber 

Opening 

mm 

Percent 

Finer 

Cumulative 

Percent 

Fill  Replicate  3 

0.00 

2 

50.00 

100.00 

0.00 

50.90 

1.5 

37.50 

99.20 

0.80 

122.90 

1 

25.00 

97.30 

2.70 

328.20 

3/4 

19.10 

92.20 

7.80 

860.60 

1/2 

12.50 

78.90 

21.10 

648.40 

3/8 

9.50 

68.90 

31.10 

588.00 

No.  3 

0.35 

59.80 

40.20 

447.70 

No.  4 

4.75 

52.90 

47.10 

7.70 

No.  6 

3.35 

48.30 

51.70 

19.00 

No.  10 

2.00 

41.60 

58.40 

27.80 

No.  16 

1.18 

36.30 

63.70 

32.90 

No.  20 

0.85 

33.30 

66.70 

37.50 

No.  30 

0.60 

30.63 

69.40 

42.60 

No.  40 

0.43 

27.50 

72.50 

49.00 

No.  50 

0.30 

23.70 

76.30 

54.10 

Nw.  70 

0.21 

20.70 

79.30 

57.90 

No.  100 

0.15 

18.40 

81.60 

60.80 

No.  140 

0.11 

16.70 

83.30 

63.00 

No.  200 

0.08 

15.40 

84.60 

%  Gravel  -  47.1 

Liquid  limit  - 

43 

%  Sand  “  37.5 

Plasticity  limit  - 

43 

%  Fines  -  15.4 

Plasticity  index  - 

10 

Specific  gravity  - 

2 

(Sheet  3  of  3) 
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APPENDIX  C:  RESULTS  OF  PHYSICAL  AND  CHEMICAL  TESTS  ON  TREATED  FILL 


T^hXe  Cl 

Results  of  the  Wot/Drv  Test  Corduc itgd  on 
Frontier  Hnrd  Chrop'c  Fill 


Total 

Vendor 

Sanole 

Reollcate 

%  Lost 

1 

Test 

1 

NA 

2 

100.00 

3 

100.00 

Control 

1 

NA 

2 

100.00 

3 

100.00 

2 

Test 

1 

0.32 

2 

0.31 

3 

0.32 

Control 

1 

0.40 

2 

0.47 

3 

0.40 

3 

Test 

1 

0.21 

2 

20.26 

3 

0.21 

Control 

1 

0.30 

2 

0.38 

3 

0.21 

U 

Test 

1 

0.36 

2 

0.30 

3 

0.51 

Control 

1 

0.42 

2 

0.42 

3 

0.58 

5 

T^  St 

1 

0.43 

2 

0.31 

3 

0.34 

Control 

1 

0.d3 

2 

0.49 

3 

0.58 

6 

Test 

1 

0.46 

2 

0.66 

3 

0.34 

Control 

1 

0.51 

2 

0.73 

3 

0.35 

(Continued) 


C3 


e 


n4ox 

7 


Sample 

Test 

Control 


Repllcat 

1 

2 

3 

1 

2 

3 


0.42 

1.29 

0.78 

1.01 

1.19 

1.01 


8 


Test 


Control 


1 

2 

3 

1 

2 

3 


0.18 

0.09 

0.23 

0.13 

0.04 

0.22 


Vendor 

Reollcate 

Moisture 

% 

Specific 

Gravicv 

Sluxap 

in. 

1 

A 

1 

44.29 

2.71 

7 

2 

48.59 

3 

45.87 

B 

1 

36.74 

2.72 

0 

2 

35.31 

3 

37.15 

C 

1 

36.98 

2.76 

1.25 

2 

39.13 

3 

39.41 

2 

A 

1 

13.55 

2.8 

0 

2 

12.61 

3 

10.92 

B 

i. 

13.61 

2.82 

0 

2 

13.70 

3 

12.80 

C 

1 

15.23 

2.82 

C 

2 

15.72 

3 

15.95 

3 

39.41 

3 

A 

1 

13.07 

2.64 

0 

2 

18.68 

3 

19.20 

B 

1 

17.55 

2.65 

0 

2 

17.07 

3 

15.75 

C 

1 

11.48 

2.66 

0 

2 

14.81 

3 

13.95 

4 

A 

1 

36.63 

2.78 

0 

2 

36.59 

3 

36.09 

B 

1 

34 . 64 

2.89 

0 

2 

35.80 

3 

35.74 

C 

1 

34.42 

2.92 

0 

0 

4. 

35.25 

3 

35.16 

(Cont 


Table  C2  (Concluded) 


Vendor 

5 


6 


7 


8 


I 


Moisture 

Specific 

Slump 
. .Iru- 

_ 1 

locate 

« 

Gravity  ■■ 

A 

1 

25.61 

2.78 

8 

2 

25.22 

3 

25.48 

B 

1 

26.80 

2.78 

6 . 5 

2 

25.88 

3 

26.97 

7.25 

C 

1 

31.86 

2.79 

2 

30.04 

3 

32.75 

A 

1 

47.66 

2.78 

NA 

2 

47.26 

3 

47.12 

B 

1 

52.97 

2.81 

NA 

2 

52.83 

3 

53.45 

C 

1 

47.25 

2.82 

NA 

2 

47.97 

3 

47.65 

A 

1 

25.04 

2.72 

0 

2 

25.18 

24.98 

B 

1 

26.52 

2.71 

0 

2 

26.46 

3 

26.38 

C 

1 

25.25 

2.72 

0 

2 

25.52 

3 

25.37 

A 

1 

21.39 

2.77 

l.L. 

2 

21.73 

3 

22.55 

0.25 

B 

1 

17.03 

2 

17.57 

3 

17.31 

C 

1 

18.47 

2.79 

0 

2 

23.48 

3 

18.50 

Sample 


Average  Cone  Index,  psi 
- (Tlnie,.  hr) _ 


ID 

2 

_4 

VI -SA 

0 

0 

Vl-SB 

27 

48 

VI -SC 

25 

35 

V2-SA 

397 

497 

V2-SB 

427 

620 

V2-SC 

412 

487 

V3-SA 

133 

333 

V3-SB 

167 

360 

V3-SC 

185 

460 

V4-SA 

20 

25 

V4-SB 

12 

25 

V4-SC 

17 

12 

V5-SA 

58 

170 

V5-SB 

95 

167 

V5-SC 

113 

137 

V6-SA 

0 

0 

V6-SB 

0 

0 

V6-SC 

0 

0 

V7-SA 

273 

283 

V7-SB 

332 

363 

V7-SC 

227 

247 

V8-SA 

108 

260 

V8-SB 

137 

357 

V8-SC 

157 

340 

_S_ 

_Ai 

0 

0 

0 

85 

117 

47 

32 

38 

57 

490 

750+ 

750+ 

750+ 

750+ 

750+ 

530 

750+ 

750+ 

750+ 

750+ 

750+ 

750+ 

750+ 

750+ 

750+ 

750+ 

750+ 

38 

107 

173 

28 

98 

183 

22 

52 

117 

290 

750+ 

750+ 

750+ 

750+ 

750+ 

750+ 

750+ 

750+ 

10 

47 

292 

7 

73 

323 

3 

58 

283 

350 

550 

593 

300 

527 

517 

197 

507 

620 

400 

750+ 

750+ 

543 

750+ 

750+ 

487 

750+ 

750+ 

1 


1 


Table  C4 

3einsltv.  and  Perroeabtlitv .  Conducted 
Frontier  Hard  Chrome  Fill 


.  nsi 

Bulk 

Density 

ocf 

Volume 

Increase 

% 

Permeability 

cm/sec 

UO 

NA 

142 

NA 

NA 

145 

15 

NA 

148 

6.82E-07 

149 

6.62E-07 

NA 

146 

13 

6.13E-07 

143 

9.60E-07 

145 

8.38E-07 

NA 

146 

21 

1.25E-06 

124 

2.90E-05 

128 

3.01E-05 

231 

123 

44 

3.21E-05 

118 

1.64E-04 

119 

l,62E-04 

118 

127 

56 

1.56E-04 

NA 

3.75E-05 

129 

3.38E-05 

105* 

NA 

52 

3.71E-05 

117 

2.87E-06 

117 

2.71E-06 

455 

114 

74 

3.10E-06 

122 

1.51E-06 

120 

1.35E-06 

481 

121 

69 

1.38E-06 

123 

1.68E-06 

125 

1.55E-06 

565 

126 

62 

1.63E-06 

106 

1.05E-05 

111 

1.04E-05 

351 

101 

89 

9,76E-06 

100 

8.13E-06 

99 

6.90E-06 

383 

100 

99 

6,43E-06 

100 

9.47E-07 

97 

8.40E-07 

153 

98 

99 

1.03E-06 
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Bulk 

Volune 

Density 

Increase 

Penile-  ibility 

DCf 

% 

cm/sec 

Vendor  5 

A 

1 

562 

109 

2.18E-07 

2 

643 

106 

2.36E-07 

3 

655 

620 

111 

99 

2.45E-07 

B 

1 

251 

109 

3.40E-06 

2 

545 

111 

3.53E-06 

3 

176 

324 

112 

98 

3.42E-06 

C 

1 

671 

109 

5.09E-06 

2 

664 

110 

4.54E-06 

3 

698 

678 

111 

95 

5.14E-06 

Vendor  6 

A 

1 

157 

112 

1.79E-05 

2 

155 

106 

1.86E-05 

3 

151 

154 

108 

68 

1.72E-05 

B 

1 

213 

116 

7.41E-06 

2 

208 

109 

7.42E-06 

3 

192 

204 

110 

64 

7.53E-06 

C 

1 

94 

114 

6.19E-06 

2 

92 

114 

6.65E-06 

3 

104 

97 

110 

61 

6.24E-06 

Vendvr. . 7. 

A 

1 

223 

126 

1.26E-05 

2 

183 

118 

1.16E-05 

3 

175 

195 

125 

70 

1.09E-05 

B 

1 

88 

125 

1.15E-06 

2 

89 

123 

8.44E-07 

3 

198 

125 

120 

70 

l.OCE-06 

C 

1 

179 

126 

1.45E-06 

2 

153 

117 

1.29E-06 

3 

182 

171 

126 

68 

1.29E-06 

Vendor  8 

A 

1 

1,233 

120 

1.53E-07 

2 

1,269 

111 

9.74E-08 

3 

1,068 

1,190 

119 

93 

9.44E-08 

B 

1 

1,189 

119 

3.67E-06 

2 

1,050 

112 

2.80E-06 

3 

1,285 

1,175 

117 

95 

2.52E-06 

C 

1 

1,233 

124 

2 

774 

111 

3 

1,090 

1,032 

116 

90 
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Table  Cll  (Concluded) 


APPENDIX  D;  RESULTS  OF  PH'fSICAL  TESTS  CONDUCTED  ON  UNTREATED  ClAY 


r 


Table  D1 

Results  of  Moisture  Content  Conducted  on  Clav 


i 


Sample 

ID 


UC-CA-Bl 

UC-CA-B2 

UC-CA-B3 

UC-CA-B4 

UC-CA-B5 

UC-CA-B6 

UC-CA-B7 

UC-CA-B8 

UC-CA-B9 

UC-CA-BIO 

UC-CA-Bll 

UC-CB-Bl 

UC-CB-B2 

UC-CB-B3 

UC-CB-B4 

UC-CB-B5 

UC-CB-B6 

UC-CB-B7 

UC-CB-B8 

UC-CB-B9 

UC-CB-BIO 

UC-CB-Bll 

UC-CC-Bl 

UC-CC-B2 

UC-CC-B3 

UC-CC-B4 

UC-CC-B5 

UC-CC-B6 

UC-CC-B7 

UC-CC-B8 

UC-CC-B9 

UC-CC-BIO 

UC-CC-Bll 


Moisture* 

(%) 


37.24** 

47.94 
45.10 
47.59 

49.73 
49.08 
45.31 
50.17 
44.45 
43.22 
47.62 
50.17 
40 . 04** 

45.76 

48.99 
49.26 

39.73 
47.87 
49.21 
45.29 

44.77 
46.40 
49.02 
46.57 
47.37 

45.97 

46.94 
47.09 
46.80 
46.47 

51.99 
41.32** 

48.97 


*  Moisture  based  on  wet  weight/dry  solids. 

**  These  buckets  were  u.sed  by  WES  for  initial  screening 
tests  and  Cr'^®  reduction  studies. 


Table  D2 


Particle  Size  Analysis  for  Frontier  Hard  Chrome  Cla> 


Weight 

p 

Sieve  Size  (in.) 
or  Number 

Opening 

mm 

Percent 

Finer 

Cumulative 

Percent 

Clav  Reolicate  1 

0.00 

3 

75.00 

100.00 

0.00 

9.90 

2 

50.00 

99.90 

0.10 

164.90 

1.5 

37.50 

98.00 

2.00 

87.10 

1 

25.00 

97.10 

2.90 

97.10 

3/4 

19.10 

96.00 

4.00 

190.30 

1/2 

12.50 

93.80 

6.20 

156.70 

3/8 

9.50 

92.10 

7.90 

166.23 

No.  3 

6.35 

90.20 

9.80 

lO:-  .00 

No.  4 

4.75 

89.00 

11.00 

1.30 

No .  6 

3.35 

87.40 

12.60 

2.70 

No.  10 

2.00 

85.70 

14.30 

3.80 

No.  16 

1.18 

84.40 

15.60 

4.50 

No.  20 

0.85 

83.60 

16.40 

5.10 

No.  30 

0.60 

82.90 

17.10 

5.90 

No.  40 

0.43 

81.90 

18.10 

6.90 

No.  50 

0.30 

80.70 

19.30 

7.60 

No.  70 

0.21 

79.90 

20.10 

8.30 

No.  100 

0.15 

79.00 

21.00 

9.00 

No.  140 

0.11 

78.20 

21.80 

10.10 

No.  200 

0.08 

76.90 

23.20 

%  Gravel  -  11.0 

Liquid  limit  - 

58 

%  Sand  -  12.1 

Plasticity  limit  - 

34 

%  F ines  -  76.9 

Plasticity  index  - 

24 

Specific  gravity  - 

2 

(Continued) 
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Table  D2  (Continued) 


Weight  Sieve  Size  (In.)  Opening 

or  or  Number _  mm 


Percent 


Cumulative 

Percent 


Clay  Replicate  2 


0.00 

2 

50.00 

100.00 

0.00 

120.10 

1.5 

37.50 

98.20 

1.80 

23.60 

1 

25.00 

97.90 

2.10 

176.60 

3/4 

19.10 

95.30 

4.70 

211.40 

1/2 

12.50 

92.20 

7.80 

111.60 

3/8 

9.50 

90.60 

9.40 

161.00 

No. 

3 

6.35 

88.20 

11.80 

82.10 

No. 

4 

4.75 

87.00 

13.00 

1.80 

No. 

6 

3 . 35 

85.20 

14.80 

4.20 

No. 

10 

2.00 

82.80 

17.20 

5.60 

No. 

16 

1.18 

81.40 

18.60 

6.40 

No . 

20 

0.85 

80.60 

19.40 

7.20 

No. 

30 

0.60 

79.80 

20.20 

8.10 

No . 

40 

0.43 

78.90 

21.10 

9.30 

No. 

50 

0.30 

77.70 

22.30 

10.20 

No . 

70 

0.21 

76.80 

23.20 

11.00 

No. 

100 

0.15 

76.00 

24.00 

11.70 

No. 

140 

0.11 

75.40 

24.60 

12.80 

No. 

200 

0.08 

74.30 

25.70 

%  Gravel  -  13.0  Liquid  limit  -  57 

%  Sand  “  12.7  Plasticity  limit  -  32 

%  Fines  -  74.3  Plasticity  index  -  25 

Specific  gravity  -  2.65 


(Continued) 
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Table  D2  (Concluded) 


Weight 


138.30 


73.30 

146.10 

199.60 

140.70 

125.70 
79.90 


Sieve  Size  (in.) 
nr  Number _ 


No .  6 
No .  4 
No.  6 
No.  10 
No .  16 
No.  20 
No.  30 
No .  40 
No.  50 
No.  70 
No.  100 
No.  140 
No.  200 


Opening 


Clay  Replicate  3 
75.00 
50.00 

37.50 
25.00 
19.10 

12.50 


Percent 

Finer 


100.00 

97.90 

97.90 

96.80 
94.60 

91.50 

89.40 

87.50 
86.20 
85.00 

83.10 

81.80 

81.10 
80.20 
79.30 

78.40 

77.40 
76.70 

76.20 

75.20 


Cumulative 

Percent 


10.60 

12.50 

13.80 
15.00 

16.90 
18.20 

18.90 

19.80 
20.70 
21.60 
22 . 60 
23.20 

23.80 

24.80 


i  . 3ve 1  -  13.8 

Sand  -  11.1 

%  Fines  -  75.2 


Liquid  limit  - 
Plasticity  limit  - 
Plasticity  index  - 
Specific  gravity  - 
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Table  D3 

!otsture  Content*  of  Frontier  Hard  Chrome  Cla' 


Replicate 


37.2 

47.9 

45.1 

47.6  49.7 

49.1 

45.3 

50.2 

44.4 

43.2 

Average : 

42.1 

50.2 

40.0 

45.8 

49.0  49.3 

39.7 

47.9 

49.2 

45.3 

44.8 

Average : 

46:1 

A9.0 

46.6 

47.4 

46.0  46.9 

47.1 

46.8 

46.5 

52.0 

41.3 

Average  : 

47.1 

Overall  clay  average:  45.1 


Expressed  as  ratio  of  water  content  to  content  of  dry  material 


APPENDIX  E:  RESULTS  OF  PIT/SICAL  AND  CHEMICAL  TESTS  ON  TREATED  CLAY 


Table  El 

Results  of  the  Wet/Drv  Test  Conducted  on 


Frontier  Hard  Chrotie  Clay 


Total 

Vendor 

Samnle 

Renlicate 

%  Lost 

1 

Test 

1 

100.00 

2 

100.00 

3 

100.00 

Control 

1 

100.00 

2 

100.00 

3 

100.00 

2 

Test 

1 

0.46 

2 

0.61 

3 

0.68 

Control 

1 

0.23 

2 

0.73 

3 

0.72 

3 

Test 

1 

0.44 

2 

0.45 

3 

0.72 

Control 

1 

1.10 

2 

2.32 

3 

0.87 

4 

Test 

1 

3.33 

2 

0.85 

3 

1.68 

Control 

1 

2.76 

2 

0.64 

3 

1.54 

5 

Test 

1 

0.38 

2 

0.30 

3 

0.30 

Control 

I 

0.53 

2 

0.61 

3 

0.45 

6 

Test 

1 

2.10 

2 

1.01 

3 

1.13 

Control 

1 

1.22 

2 

1.52 

3 

1.09 

(Cont  Ir'.’ed) 
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Table  El  (Concluded) 


LOl.il. 

Sample  Replicate  3.  ..Lg-Sj; 


Test  1  1.12 

2  0.46 

3  0.23 

Control  1  1.18 

2  0.62 

3  0.A5 

Test  1  0.23 

2  0.28 

3  0.28 

Control  1  0.28 

2  0.23 

3  0.33 


Table  E2 

Results  of  Moisture  Content.  Specific  Gravity,  and  Slump 
Tests  Conducted  on  Frontier  Hard  Chrome  Clay 


Moisture 

Specific 

Slump 

Vendor 

Reel Icate 

% 

Gravity 

in.  . 

1 

A 

1 

52.21 

2.72 

6 

2 

53.27 

3 

52.36 

B 

1 

49.95 

2.73 

5 

2 

50.01 

3 

50.11 

C 

1 

54.02 

2.76 

6.25 

2 

53.29 

3 

52.84 

2 

A 

1 

22.50 

2.8 

0 

2 

22.92 

3 

21.56 

B 

1 

23.05 

2.79 

0 

2 

25.76 

3 

24.98 

C 

1 

22.99 

2.8 

0 

2 

24.54 

3 

24.57 

3 

A 

1 

36.05 

2.62 

0 

2 

35.72 

3 

36.40 

B 

1 

32.85 

2.6 

0 

2 

31.68 

3 

35.82 

C 

1 

33.34 

2.61 

0 

2 

33.32 

3 

33.56 

u 

A 

1 

49.03 

2.9 

0 

2 

49,33 

3 

CO 

B 

1 

34.28 

2.9 

0 

2 

33.73 

3 

33,76 

C 

1 

49.26 

2.92 

0 

2 

48.94 

3 

53,50 

(Continued) 
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Table  E2  (Concluded) 


Moisture 

Specific 

Slump 

% 

Gravity 

in. 

63.72 

AO.  48 

40.86 

2.74 

0.5 

24.77 

43.19 

41.01 

0.5 

45.64 

45.41 

45.68 

2.74 

0 

66.98 

66.34 

67.11 

2.78 

5 

61.47 

60.73 

60.63 

2.78 

5 

62.55 

63.07 

62.30 

2.8 

6 

34.46 

34.60 

34.59 

2.7 

0 

31.32 

31.35 

31.79 

2.72 

0 

33.76 

30.92 

31.26 

2.73 

0 

29.24 

29.44 

29.42 

2.78 

0 

29.72 

29.61 

30,02 

2.78 

0 

26.30 

28.17 

27.95 

2.79 

0 

E6 


Table  E3 

Results  of  Set  Tine  Tests  Conducted  on 
Frontier  Hard  Chrome  Clay 


Average  Cone 

Index , 

psi 

fTime . 

hr) 

Sample 

- . JP„„ 

_2_ 

4 

8 

48 

VI -CA 

15 

40 

30 

35 

45 

Vl-CB 

8 

38 

30 

37 

32 

Vl-CC 

30 

37 

22 

32 

38 

V2-CA 

313 

347 

407 

750+ 

750+ 

V2-CB 

283 

317 

353 

633 

700 

V2-CC 

257 

320 

353 

560 

700 

V3-CA 

92 

103 

167 

323 

567 

V3-CB 

28 

53 

58 

90 

137 

V3-CC 

48 

88 

127 

220 

273 

VA-CA 

30 

53 

40 

42 

103 

V4-CB 

23 

42 

42 

68 

103 

V4.CC 

12 

12 

18 

32 

43 

V5-CA 

140 

227 

750+ 

7  50+ 

750+ 

V5-CB 

97 

310 

750+ 

750+ 

750+ 

V5-CC 

130 

250 

750+ 

750+ 

750+ 

V6-CA 

0 

0 

32 

165 

170 

V6.CB 

0 

0 

25 

133 

170 

V6.CC 

0 

0 

15 

133 

167 

V7.CA 

68 

110 

150 

200 

343 

V7.C3 

225 

330 

367 

420 

727 

V7.CC 

200 

257 

270 

393 

513 

V8.CA 

97 

207 

360 

750+ 

750+ 

V8.C3 

102 

233 

343 

750+ 

750+ 

V8.CC 

123 

247 

320 

750+ 

750+ 

t 


Vendor/Re 

plicate  Average 

UCS .  osi 

Bulk 

Density 

ocf 

Volume 

Increase 

% 

Permeability 

cm/sec 

Vendor  1 

A 

1 

NA 

120 

8.56E-05 

2 

NA 

121 

7.35E-05 

3 

NA 

NA 

121 

29 

6.77E-05 

B 

1 

NA 

126 

6.65E-07 

2 

NA 

124 

3.11E-07 

3 

NA 

NA 

122 

28 

4.63E-07 

C 

1 

NA 

121 

9.07E-07 

2 

NA 

120 

1.95E-06 

3 

NA 

NA 

123 

33 

1.43E-06 

Vendor  2 

A 

1 

243 

108 

7.24E-06 

2 

283 

110 

9.13E-06 

3 

272 

266 

110 

51 

6.53E-06 

B 

1 

264 

108 

2.75E-06 

2 

285 

111 

2.47E-06 

3 

264 

271 

112 

56 

2.61E-06 

C 

1 

200 

110 

6.34E-06 

2 

198 

108 

4.05E-C6 

3 

203 

200 

113 

46 

4.22E-06 

Vendor  3 

A 

1 

101 

102 

5.52E-08 

2 

146 

105 

1.38E-07 

3 

125 

124 

102 

77 

6.69E-08 

B 

1 

34 

103 

9.13E-07 

2 

22 

105 

6.66E-07 

3 

NA 

28* 

NA 

79 

7.19E-07 

C 

1 

61 

103 

7.56E-05 

2 

47 

101 

7.53E-05 

3 

40 

49 

103 

77 

7.05E-05 

Vendor  4 

A 

1 

84 

91 

1.72E-05 

2 

92 

98 

1.69E-05 

3 

83 

86 

96 

86 

1.78E-05 

3 

1 

225 

112 

6.25E-07 

2 

151 

109 

5.62E-07 

3 

198 

191 

ii: 

63 

6.17E-07 

C 

1 

16 

110 

1.44E-06 

2 

6 

108 

9.77E-07 

3 

16 

13 

110 

62 

1.06E-06 

(Continued) 
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Table  E4  (Concluded) 


Vendor/Replicate 

Averase 

UCS.  psi 

Bulk 

Density 

Dcf 

Volume 

Increase 

% 

Permeability 

crn/sec 

Vendor  5 

A 

1 

462 

96 

1.32E-03 

2 

459 

98 

9.14E-04 

3 

514 

478 

98 

104 

6.32E-04 

B 

1 

359 

97 

NA 

2 

423 

101 

NA 

3 

351 

379 

98 

102 

NA 

C 

1 

465 

97 

2.42E-07 

2 

380 

99 

l.llE-07 

3 

438 

428 

99 

98 

1.20E-07 

Vendor  6 

A 

1 

94 

95 

6.87E-06 

2 

92 

98 

7.18E-06 

3 

104 

97 

94 

71 

6.83E-06 

B 

1 

69 

94 

2.47E-06 

2 

88 

96 

2.50E-06 

3 

87 

81 

91 

79 

2.33E-06 

C 

1 

92 

96 

4.05E-07 

2 

94 

96 

6.16E-07 

3 

93 

93 

97 

70 

3.63E-07 

Vendor  7 

A 

1 

93 

113 

4.19E-06 

2 

60 

105 

4.56E-06 

3 

70 

74 

107 

89 

4.14E-06 

B 

1 

313 

108 

4.49E-07 

2 

230 

106 

3.96E-07 

3 

198 

247 

109 

96 

4.33E-07 

C 

1 

133 

106 

7.06E-07 

2 

135 

107 

6.54E-07 

3 

195 

154 

105 

95 

6.30E-07 

Vendor  8 

A 

1 

459 

109 

2.96E-07 

2 

456 

103 

1.35E-07 

3 

573 

496 

103 

87 

2.10E-07 

B 

1 

554 

109 

l.lOE-07 

2 

592 

109 

1.86E-07 

3 

476 

541 

107 

85 

1.88E-07 

C 

1 

534 

105 

1.27E-06 

2 

615 

109 

1.08E-06 

3 

767 

639 

105 

84 

1.77E-06 

E9 


Results  of  Uet/Dry  Tests  Conducted 
on  Frontier  liard  Chrome  Clay 
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(Continued) 


Table  Ell  (Concluded) 


APPENDIX  F:  RADIAN.  INC.,  QUALITY  ASSURANCE/QUALITY  CONTROL 


FI 


Siirmary  of  Blank  Results.  Frontier  Hard  Chrome 


D«tt 


Trut  Ott  Hestured  X 

V4lu«  Fl»g  v«lu#  R«:ov«ry 


Mtthod;  ICP  Metals  by  SU6010 
Matrix:  Solid 
Analyte:  Iron 

Type  of  Control  Samoi'::  calibration  Ccntrol  S«role.  continued 


17-Jui'90 

s.ooo 

ms/l. 

5.020  "9/L 

100.40 

19-Jun'90 

5.000 

i^/L 

5.050  mg/U 

101.00 

W-Jm-flO 

5.000 

*31/0 

5.090  "O/U 

lol.ao 

W-Jm-W 

5.000 

eo/L 

5.160  "O/U 

101.80 

19-Jm-90 

5.000 

"S/L 

5.100  "S/U 

102.00 

W-Jin-W 

5.000 

H^/L 

5.030  "O/U 

101.80 

20-Jm'9O 

5.000 

»>J/L 

5.130  "O/U 

102.60 

2a-Jun'9Q 

5.000 

ns/L 

5.U0  "O/U 

102.80 

2a-J>x\-90 

5.000 

"ig/L 

5.020  "9/0 

100.40 

20-Jm-9O 

5.000 

«>3/l. 

4.990  "9/U 

99.80 

21-Jtn-90 

5.000 

WS/I. 

5.020  "9/L 

100.40 

21>Jui-'W 

5.000 

«<g/t. 

5.100  "9/0 

102.00 

2!-Jm-90 

5.000 

ii>9/L 

5.340  "9/0 

106.80 

25-Jtr>-90 

5.000 

mi/l 

5.210  "9/U 

104.20 

ll-Jul-90 

5.000 

mg/l 

5.060  "9/L 

101.20 

11-Jui-90 

5.000 

mo/l. 

5.050  "Q/U 

101.00 

12-JUI-90 

S.OOO 

"9/1. 

5.460  "9/1 

109.20 

12-Jul-90 

S.OOO 

mj/l 

5.400  "9/0 

108.00 

12-Ju(-90 

5.000 

"9/1 

5.130  "9/U 

102.60 

12-JUI-90 

5.000 

"9/1. 

5.450  "9/U 

109.00 

12-Jul-OO 

5.000 

"9/L 

5.010  "9/U 

100.20 

12-JUI-90 

5.000 

"9/0 

5.050  "9/U 

101.00 

12-JUI-90 

5.000 

*9/1. 

5.110  "9/L 

102.20 

12-Jui-90 

5.000 

"J/L 

5.120  "9/U 

102.40 

1J-Jul-90 

5.000 

"9/t 

5. ISO  "9/U 

103.60 

13-JUI-90 

5.000 

"9/1. 

5.190  "9/0 

103.80 

17-Jul-90 

5.000 

"9/t. 

4.960  "9/L 

99.20 

17-Jul-90 

5.000 

"9/L 

5.100  "9/L 

102.00 

17-JUI-90 

5.000 

"9/1 

5.150  "9/L 

103.00 

17-Jul-90 

5.000 

"9/L 

5.040  "9/L 

100.80 

24-Jul-90 

200.0 

"9/1 

200.000  "9/U 

100.00 

24-JU1-90 

50.0 

"9/U 

4a. 900  "9/L 

97.80 

2<i-Jul-90 

50.0 

"9/L 

47.600  "9/U 

97.00 

24-Jul-90 

50.0 

"9/L 

47.500  "9/0 

95.80 

24-JUI-90 

50.0 

"9/U 

43.500  "9/L 

97.00 

25-JUI-90 

50.0 

"9/U 

50.600  "9/L 

101.20 

21-JUI-90 

50.0 

"J/U 

49.000  "9/U 

98.00 

25-Jul-90 

50.0 

"3/U 

49.900  "9/U 

99.80 

tsas' 


(Continued) 


I 


/ 


Table  FI  (Continued) 


SUeUtT  Of  tUMt  SESUtTS  FOfl  HATSIX  ■  KU  IP  IfVClUTE;  Subnatri*  •  M/A 


Total  Kurbar  Total  Xtiibar 
of  above 

llanka  Oateetion  Lialt 


Concentration 

■ange 

Mlninua  -  Paaie 


Kaxiiua 

Oateetion 

Linit  Units 


carosiui  by  ICPES 
field  Hank 
ChroniLn 


0.0030  -  0.067 


0.0030  ng/L 


Iron  by  SU601Q 
fiald  Blank 


0.210  -  21.0 


0.0070  "9/1. 


ICP  Patali  by  SU6010 
Preoaration 


0.0030  *9/1. 

0.0070  "9/1. 

0.042  "9/L 

0.01S  *9/1. 


klekal  by  EUdOlO 
fiald  Blank 
Nickal 


0.015  •  0.015 


0.015  *9/L 


laad  by  SU6ai0 
fiald  Blank 


0.042  •  0.042 


0.042  "9/1. 


■**■«•■■«'>««*■********■  ■**>*■** 


(Continued) 


Table  F1  (Contim^s^O 


SLMKAir  OF  BUUK  tESJlTS  FOt  MATRIX  -  fiDlIO;  Sut^natrix  > 


Trunmm»mmw%mm9mm'mwmmw9-mMwrtmnm-m 


Total  Total  Nmoar 

of  abov« 

Blanaa  Oatection  tUU 


Concentration  Maxlnaa 

Rang*  Oataction 

Mlnisua  •  Maxlaui  Linit 


Chroma  VI  by  SU7196 
Rraparatlon 

OiroBiLn  v;  *  0  0.0050  mt/l 


999999999  wmunM9n-»9mmmm*9-mti9-m99m-m9-mwM9-mmmmtimv»m-m-m-m9'»m 


**'*'*'•*•999999999999999  999  9999  99  9  999999999  999999 


(Contiroed) 


F5 


Table  FI  (Contihued) 


Sl»eU»T  of  8l.A«  lESJCTT  F0«  HAtlllX 

»  SOLIQ;  SJbrnttrix  •  N/A 

Method 

Tvp* 

Pirameter 

Total  Mueber 

of 

Blanks 

Total  WLftoer 

above 

Oetaction  Limit 

Concentration 

Range 

Minitnja  •  Kaxiffua 

Maximun 

Detection 

Limit 

Conductivity  <E120.1) 

Method  Blank 

Conductivity 

1 

0 

1.000 

Preparation 

Conductivity 

2 

0 

1.000 

Ch'oridt  by  IC  (E3C0,0) 

Method  Blank 

Chloride 

1 

0 

0.020 

ns/lg 

Preparation 

Chloride 

2 

0 

5.000 

mg/tg 

tCP  Metals  by  SU&QIO 

Preparation 

ChromiLm 

11 

0 

1.000 

ing/Kg 

Iron 

11 

1 

2.(00  -  2.( 

A.cao 

mg/tg 

Lead 

11 

0 

5.000 

"«S/tg 

Nickel 

12 

0 

2.000 

mgyicg 

Chrome  Vl  by  SW7195 
field  Blank 

Chroniua  VI 

15 

3 

0.0050  •  0.010 

0.190 

ing/tg 

Preparation 

Chromiui  vt 

10 

0 

0.200 

ing/tg 

Sulfate  by  IC  (£300.0) 

Preparation 

Sulfate 

1 

0 

12.5 

•ig/Kg 

(Continued) 


F6 


Table  FI  (Continued) 


Chren*  VI  by  SU7196  . 

Prroeratlon 

Chroiim  VI.  1  0  O.OOiO  ”9/1 


(Continued) 


Table  FI  (Concluded) 


aJMKARY  Of  SIANi:  agSJlTS  foe  turau  *  T9EATE0;  Sucmatri*  *  T 


»«thod 

Type 

Piramter 

Total  Munber 

of 

Blanti 

Total  Uottior 

above 

Oataction  Liait 

Cmtftfttion 

«*n9» 

Wininun  •  N.xinvn 

MaxiBija 

0tt«Ktion 

Liait 

Units 

Artvnie  by  AA 

Preoeretlon 

Arttnic 

(E204.2) 

2 

0 

O.C04(} 

«9/l. 

ConductivUy  (£120.1) 

Mfthoct 

Conductivity  1  0  1.0CO  irfioj/cr 

?r«c*rition 

Corvsuctivity  1  0  1.0CO  criios/cf 

>»«rc-»ry  by  Cold  V«ciof  AA  (£245.1) 

Preoarition 

X*rcury  1  1  0.00020  ■  0.CC020  "5/1. 


ICP  by  SU6010 

Prftxrition 


lancia 

3 

0 

0.010 

rvj/t 

Cactnius 

3 

1 

0.0093  •  O.C093 

0.0050 

Cbrsmiuo 

6 

1 

0.0040  .  0.0040 

0.010 

Iron 

5 

2 

0.040  •  o.oai 

0.040 

ei9/t 

lead 

i 

0 

0.050 

«9/l 

Hicke'. 

5 

0 

0.020 

"N/l 

Silver 

3 

1 

0.013  •  0.013 

0.010 

<"9/1 

Selentun  by  AA  (£270.2) 

Preoera'icn 

Seleniua 

2 

0 

0.0050 

"^/L 

C^ro»w  VI  by  5W719iS 

{’rroeration 

Cbrorei«JM  V! 

3 

0 

0.020 

^/t 

Sulfate  by  IC  (£300.0) 

aetnod  liana 

Sulfate 

1 

0 

0.050 

^/l 

Pr#-paf-af  ion 

Sulfate 

1 

0 

12.0 

F8 


Table  F2 

Detailed  Listing  of  Blar;ic  Results.  Frontier  Hard  Chrcr>? 


Sl>WM«T  Of  nUMK  RESULTS  FM  JUTRU  «  TREATED;  Sutrwitru  •  W/A 


f*«chod 

Type 


Pirorrseter 


Total  utjnmr 
of 

Bl.ar.«s 


Total  Hcroer 
above 

Detection  Linit 


Concentration 

Range 

>«ininia  -  Naxifrun 


Maximum 

Detection 

Lifliit  Unit! 


Arsenic  by  AA  (£206,2) 
Preparation 
Arsenic 

CMorifSe  by  !C  (£300,0) 
Precaration 
Chloride 

ICP  Metals  by  SU6010 
Preoar at i  on 
Chroniun 
’/■on 

Lead 

Mickal 

SeleniuB  trf  AA  (£270.2) 
Preparation 
Seleniua 

Chrome  VI  tv  SW/l'M 
Preparation 
ChroNiuB  VI 

Sulfate  by  IC  (£300.0) 
Preoarat ion 
Sulfate 


1 


0 


O.C040  eig/Cg 


1 


0 


S.OOO 


6 

5 


A 

4 


3 

0.CC6O  •  0.40 

0.200 

Bj/rj 

2 

0.060  ‘  8.9 

(..oca 

ng/Ig 

0 

5.000 

nfl/tg 

0 

J.COO 

«ig/tg 

D.OO  ng/Kg 


0.00^0  M19/C9 


12.5  ai«/Ko 


(Continued, 
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Table  F2  (Continued) 


Slink  ««ult»  (on  Kitri*  »  »«j  tp  LEACHATE;  IJaMtrii  »  N/A 

gsiBsavlssaailvsixiKwmaK*-  tnax*  a  aaa  a  a  aaaaaaaaaaaaaaavaaaaanaai'laaa  ■■«**■*****  ******' 

Oitl  Type  of  Slink  Oeteetlon  Elis  Snult 


[*****»»*■*••■■•■■•••** 

Detection  limit  Unit* 


Method:  Chromiue  by  tCPES 
Anetyte:  ChromiLa 


2a-Mey-90 

Meld  Blank 

0.0030 

0.0030 

ffvj/l 

2S-M*v-90 

field  Blank 

<U 

0.0030 

0.C030 

mg/L 

28-May-90 

field  Blank 

<5X 

O.OUO 

0.0030 

mq/L 

29*Miv-90 

field  Blank 

0.01BO 

0.0030 

mq/l. 

29-May-90 

Field  Blank 

<5X 

0.0110 

0.0030 

tng/L 

29*Mey-90 

field  Blank 

■«5X 

0.00 TO 

0.0030 

mg/L 

02' Ji^-90 

field  Blank 

0.02&0 

0.0030 

(ng/t 

02-Ji^-90 

field  8 1 ank 

<5t 

O.OUO 

0.0030 

nq/t 

02-Jun-9O 

field-  Blank 

0.0120 

0.0030 

mg/l 

02-Jv^-90 

field  Blank 

0.0350 

0.0030 

mq/L 

02‘Jui-9O 

field  Blank 

0.0030 

0.0030 

mq/L 

18-J\jt90 

field  Blank 

0.0060 

0.0030 

mq/t 

field  Blank 

<BX 

O.OOAO 

0.0030 

mg/l 

18-JtJ^-90 

field  Blank 

0.0200 

0.0030 

*>3/1. 

18-JU1-90 

field  Blank 

0.0670 

0.C030 

tng/L 

ia-JuT90 

field  Blank 

0.0220 

0.0030 

mg/l 

Total  avjwDer 

of  Blanat  •  16 

Concentfltion  tlnigi  0. 

0030  •  0, 

.067 

Total  Hircxr 

above  Detection  wimit 

•  16 

Kninui  OetKtion  Lieit 

t 

Method:  Iron  by  tit6010 
Anelyte:  Iron 


28*Mey'90 

field  Blank 

0.2100 

0.0070 

*0/1 

rS-May^O 

field  Blank 

0.A20O 

0.0070 

*9/1 

28'Mav-90 

field  Blank 

0.66CO 

0.0070 

*9/1. 

29*May90 

field  Blank 

3.3000 

0.0070 

*9/1. 

29-May'90 

field  Blank 

O.UOO 

0.0070 

»q/L 

29-May  90 

field  Bl ank 

5.  MOO 

0.0070 

*9/1. 

02-Jui'90 

field  Blank 

1.2000 

O.C070 

»9/L 

01*  Jcn-90 

field  Blank 

2.3000 

0.0070 

*9/1 

02- Jtn'90 

field  Blank 

2.3000 

0.0070 

"9/1 

02*Jiji'9O 

field  aienk 

21.0000 

0.0070 

*9/1. 

02- jm-90 

field  Blank 

3. 6000 

0.0070 

*9/1. 

18- 

field  Blank 

0.3MO 

0.0070 

*9/1. 

18- J^-90 

field  Blank 

2.3000 

0.0070 

*9/1. 

18' Jvjn-90 

field  Blank 

2.  MOO 

0.0070 

"a/i 

18*  jLn-90 

field  81 ank 

3.0000 

0.0070 

*9/L 

(Ccntir«j*<i) 


no 


Table  f2  (Continued) 


llink  for  Katrii  ■  «u  EP  LEACHJ>TE;  Sutraatrix  ■  k/a 

Oat«  T/p«  of  Slonk  Ootvction 


I  ****»■**»*«*»  ****»****••■■•***••■•*■*■• 

Result  Ottection  Limit  Units 


Analysis  for  Iron  by  SU6010 
Analytt:  Iron  continued 

1fl-Jir)<90  Field  llsnk  1.SC00  Q.0070  mg/L 


Total  MuBroer  of  Blancs  ■  16  Concentration  Range  0.210  *■  21.0 

Total  Humber  above  Detection  Limit  >  16  Macieus  Detection  Limit  > 


Method:  ICP  Metals  by  $U6010 
Analyte:  Chromium 


23-»<iy-90 

Pret>aration 

KO 

0.0030 

0.0030 

mq/l 

01-Jm-90 

Preparat ion 

HO 

0.0030 

0.0030 

no/I. 

02-jLn-90 

Preparation 

MO 

0.0030 

0.0030 

ng/l 

17-JUI-90 

Preparation 

MO 

0.0030 

0.0030 

mg/L 

Total  Hcrcter 

of  fl lanes  a  i> 

Concentration  Range  CC 

Total  Nuroer 

above  Detection  Limit  >  0 

MaciBsjo  Detection  Limit  ■ 

0.0030 

Method:  IZP  Metals  by  SU6010 
Analyte:  Iron 


23-.«y-90 

Preparation 

MO 

0.0070 

0.0070 

ng/l. 

01-Jvxi-<K) 

Preparation 

MO 

0.0070 

0.0070 

ng/l 

02- Jixi-<W 

Preparation 

MO 

0.0070 

0.0070 

ng/l 

17-Jul-90 

Precaration 

10 

0.0070 

0.0070 

ng/l 

Total  Niocer 

of  Hants  ■  L 

Concentration  Range  MC 

Total  H^ai^r 

above  Detection  Limit  ■  0 

Meaiffua  Detection  Limit 

a  0.0070 

Method: 

:  ICP  Metals  by  3^6010 

Analyte:  Lead 

23->i»y-90 

Preoeration 

MO 

0.0420 

0.0420 

irg/l. 

01- Jixi-90 

Preparation 

MO 

0.0420 

0.0420 

ng/L 

02-JU1-9O 

Preparation 

MO 

0.0420 

0.0420 

ng/l 

(Continued) 


Fll 


Table  F2  (Conti 


gl_nk  Je*olt>  T-ir  »«,  i»  •  mi  iP  LEACHATE;  SJtratrij  »  M/A 
Oatt  Type  of  BlaNc  Dettction  flag 

for  ICP  Wtftala  &/  S-6010 
Anaiytt:  laad  continued 

Total  Nurter  of  Blancs  *  3 

Total  Noroer  above  Detection  Linit  >  0 


Method:  !CP  Metals  by  SU6010 
AtMlyte:  Nickel 


IT  H.5y-90 

Preparation 

NO 

r.1<ijn-90 

Preparation 

MO 

02-JU-90 

Preparation 

NO 

Total  Matter  of  Slants  >  3 

Total  N<jfib*r  aoove  Detection  Lintt  «  0 


Method:  Nickel  by  ^U6010 
Anelyte:  Nickel 

28'May-90  Field  Blank 
29-M8y-90  Field  Blank 
02*Jtji-90  Field  Blank 
ia'Jix»-90  Field  Blank 

Total  kijTCter  of  Slants  •  4 

Total  Nuroef  above  Detection  l.i*it  *  4 


Method:  Leed  by  r«k60l0 
Analyte:  Lead 


28'’Mev-90  Field  Blank 
29-May-90  Field  8laf« 
02'Jtn*9O  Field  Blank 
1fi*jL0T9O  Field  Blank 


(Cont  inched) 


F12 


Detection  limit  Units 


Concentration  Range  NC 
MaxiiTLa  Detection  Limit  »  0,C42 


0.0150 

0.0150 

n^/L 

0.0150 

0.0150 

ing/L 

0.0150 

0.0150 

m}/l 

Ccncentrafion  Range  NC 

Maxias^  Detection  limit 

■  0.015 

0.0150 

0.0150 

"T)/L 

0.0150 

0.0150 

na/L 

0.0150 

0.0150 

ng/l 

0.0150 

0.0150 

ng/l. 

Ccncentraticn  Range 

0.015  -  0.015 

Maxiaua  Detection  limit  » 


0.0420 

0.OA20 

mg/l 

0.0420 

0.0420 

IT^/L 

0.0420 

0.0420 

ing/L 

0.0420 

0.0420 

mj/L 

Table  F2  (Continued) 


Slink  SMulti  for  Nitrix  »  HVI  £P  LEACHATE;  Sutratrix  »  N/A 

■  as***  ***********  S3  ■****■*■* 

D«te  Typ*  of  BUnk  Detection  FUq  Result  Detection  Limit  Units 


Analysis  for  Lead  by  SU6O10 
Analyte:  Lead  continued 

Total  NuTtser  of  Blanks  ■  4  Concentration  Range  0.042  -  0.042 

Total  Muroer  above  Detection  Limit  »  4  Maxinjt  Detection  Limit  * 


****s*«a«*a*a*as«as«**aT«3iSsxxx««Xj 


i*s**aa«xx3axxaaB3ssx««aa*a*a«asaa««a«s«: 


ivssssxssaass****** ************ ********* 


(Continued) 


F13 


Table  F2  (Continued) 


gttoe  lnulti  for  (Utrii  »  SOLID;  Sutmetrix  •  >IU 

„aaa*a»as5i«**»*«»***»*'***»*-**a««»««*»a***»»B5i  *»»***»**»»********»**«**■»»■«#**■**»»•*«*■»**»**•■**■•**•■•*■••*’ 

Dat*  Type  of  Blank  Oatcction  flH  RMult  Oatection  Limit  Units 


l^othod:  Chrorr*  V!  by  SU7196 
Analyte:  Chromic  VI 


15-Nay-90 

Ppeoaration 

HO 

0.0050 

0.0050 

mg/L 

16-May-90 

Preparation 

MO 

0.0050 

0.0050 

mg/L 

17-May- 90 

Preparation 

NO 

O.OOSO 

0.0050 

ng/L 

18*May-90 

Preparation 

HO 

0.0050 

0.0050 

ing/l 

Total  XLToer 

of  Blanxs  *  4 

Concentration  Ran^e  NC 

Total  Muxoer 

above  Detection  Limit  »  0 

Maxinvia  Detection  Limit 

»  0.0050 

sxs*s3i3iBax«xaa3SS3i3S»«aji3SX«x«rtaTsa3sa*«3saxxsaassxsaaxas«ss«x«sass: 


iaaasa8aaaaaaaaaxasxaax3aaaaaxaaa«sasaaaa««f 


(Continued) 
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Table  F2  (Continued) 

Hank  teiuUi  for  ditrii  •  SOLID;  SLtratrix  a  m/a 

•svTC  a  a  can  x-svassasvsaavKs  *************  *********** 

Detection  ftag  ««ult 


0«C«  Type  of  Bl»otc 


aaasa*********************** 

Detection  Limit  Units 


>l«lhod:  Corductivity  <E120.1) 
Analyte:  Conductivity 


26-Jul-90 

Method  SlanJc 

MO 

1.0000 

1.0000 

umhos/cm 

Z6-JUI-90 

Preperatioo 

MO 

1.0000 

1.0000 

unhos/cn 

04*Sep-90 

Preparation 

MO 

1.0000 

1.0000 

uTtios/cm 

Total  Mumper 

of  Slants  *  3 

Concentration  Rao^e  MC 

Total  Number 

above  Detection 

1  imi  t 

»  0 

Maaimtia  Detection  Limit  *  1.0 

..a..., 

Method: 

:  Chloride  by 

IC  (£300.0) 

Analyte:  Ch'.oride 

09-JUI-90 

Method  SlanM 

MO 

0.0200  0.0200 

"9/^9 

09-JUI-90 

Preparation 

MO 

5.0000  5.0000 

mg/Kg 

U-Sep-90 

Preparation 

MO 

5.0000  5.0000 

mj/tg 

Total  Mciebar 

of  Slanct  *  3 

Concentrat »on  Range  MC 

Total  Nuiber 

above  Detection 

Limit 

■  0 

Maximje  Detection  Limit  •  5.0 

■■•««aa**»«aa«««*»***a*»a«**a«a«aa**»aa*a*«*»aaa*a****a*aaa*«a«*aa»»*«»»**»** •■*»»■»*•**■**••••■ •■■**■•••*••***••' 


Method:  ICP  Metals  by  SU6O10 
Analyte:  Chrootue 


21-K«y-90 

Preparation 

KO 

0.3000 

0.3000 

ing/t9 

23-HAV-90 

Preparation 

HO 

0.3000 

0.3000 

i"g/«0 

31-«*y-90 

Preparation 

MO 

0.3000 

0.3000 

mg/tg 

15-Jm-90 

Preparation 

HO 

0.3000 

0.3000 

tng/Kg 

21-JLn-9C 

Preparation 

HO 

0.3000 

0.3000 

mg/tg 

11-Jul-90 

Preparation 

MO 

0.3000 

0.3000 

mg/tg 

12-JUI-90 

Preparation 

KO 

0.3000 

0.3000 

mg/.'y 

17-JUI-90 

Preparation 

MO 

0.3000 

0.3000 

■ng/tg 

2A-JUI-90 

Preparation 

MO 

1.0000 

1.0000 

<^/tg 

25-Jul-9(l 

PreparaC i on 

MO 

o.otoo 

0.0100 

rrg/<g 

26-Jul-«l 

Preparat  1  on 

NO 

0.3000 

0.3000 

irg/tg 

Method:  (CP  Metiis  by  SU6010 
Analyte:  Iron 


21-»<«v-90 

Precaraticn 

NO 

23-M.V-90 

Preparation 

NO 

31-Xty-90 

Preparation 

<5X 

15-J'Jn-90 

Preparation 

MO 

21-Jun-90 

Preparation 

NO 

ll-Jul-90 

Preparation 

NO 

12-Jul-'M 

Preparation 

NO 

17-JUI-90 

Preparation 

NO 

24-Jul-W 

Preparation 

NO 

25-Jui-90 

Preparation 

NO 

26-Ju(-'W 

Preparation 

HO 

Total  Nuroer 

of  BUpAs  ■  11 

Total  Hunoer 

above  Oetecticn  Limit 

»  1 

Metheid:  (CP  Metals  by  SM10 
Analyte:  t.e»d 


21-X«y-90 

Preparation 

NO 

23-M.y-90 

Preparation 

MO 

31-H.Y-90 

Preparation 

MO 

15-Jvn-9C) 

Preparation 

MO 

21-Ji^i-<W 

Preparation 

MO 

11-JUI-90 

Preparation 

MO 

12-Jul-90 

Preparation 

MO 

17-Jul-'W 

Preparation 

MO 

24-Jvjl-90 

Preparation 

MO 

25-Ju(-90 

Preparation 

MO 

26-Jul-90 

Preparation 

MO 

(Ccntinued) 


Stesult 


Detection  Limit  Units 


Concentration  Range  MC 
Maxiom  Detection  limit  «  1.0 


0.7000 

0.7CC0 

ng/Kg 

0.7000 

0.700C 

flig/xg 

2.4000 

mg/cg 

0.7000 

0.7000 

mg/(g 

0.7000 

0.7000 

ng/Cg 

0.7000, 

0 . 7000 

mg/Kg 

0.7000 

0.7000 

mg/lg 

0.7000 

0.7000 

ing/ig 

4.0000 

4.0CQ0 

mg/tg 

0.0400 

0.0400 

mg/tg 

0.7000 

0.7000 

mg/tg 

•ntraticn  Range 

2.400  -  2.4 

Maximus  Oetecticn  limit  *  4.0 


4.2000 

4.2C00 

mg/tg 

4.2000 

4.2000 

mg/tg 

4.2000 

4.2000 

mg/tg 

4.2000 

4.2000 

mg/tg 

4.2000 

4.2000 

mg/tg 

4.2000 

4.2000 

mg/tg 

4.2000 

4.2000 

mg/tg 

4.2000 

4.2000 

mg/tg 

5.0000 

5.0000 

mg/tg 

0.0500 

0.0500 

mg/tg 

4.2000 

4.20CO 

mg/tg 

Table  F2  (Continued) 

IlftAk  Reiults  for  Nitrix  ■  SCIID;  Sutrvjtrix  ■  M/A 


Oatt  Type  of  llaok 

Detectieo  Flaa 

Resul  t 

Detection  Limit  Units 

Anilyiii  for  ICP  by  SU6010 

Analyte:  lead  continued 

Total  Nuntxr 

of  Blanks  >  11 

Concentration  San^e 

MC 

Total  Mtjioar 

above  Detection  Limit 

»  0 

Naxinji  Detection  Limit  •  5.0 

Method:  ICP  Metals  by  SU6010 

Analyte:  nickel 

21-«ey-90  Prepariticn 

NO 

1.5000 

1.5000 

mg/tg 

23-May-90  Preparation 

M3 

1.5000 

1.5000 

mg/kg 

31'>*ay-90  Preoaration 

MO 

1.5000 

l.SOOO 

mg/Ka 

15*Jun-90  Preparation 

NO 

1.5000 

1.5000 

mg/kg 

21'Jun-90  Preparation 

MO 

1.5000 

1.5000 

■g/kg 

12-Jul-90  Preparation 

HO 

1.5000 

1.5000 

mg/kg 

17-Jul-90  Preparation 

MO 

1.5000 

1.5000 

"g/kg 

24-Jul-90  Preparative 

MO 

2.0000 

2.0000 

"0/kg 

25"Jul-90  Preparation 

NO 

0.02C0 

0.0200 

"g/kg 

26-Jul-90  Preparation 

MO 

l.SOOO 

1.5000 

"g/kg 

Tntal  Mufioer 

of  Blanks  «  10 

Concentraticn  Ban^e 

MC 

Total  Muieer 

above  Detection  Liffit 

»  0 

Maxinu:)  Detection  Limit  *  2.0 

Method:  Chrome  VI  by 

SU7196 

Analyte:  Chroanja  VI 

15-May-90  field  Blank 

HO 

0.0200 

0.0200 

"g/kg 

15-Mey-90  Field  Bla.'k 

MO 

0.00^ 

0.0090 

"g/kg 

15*Wav-90  Field  Blank 

MO 

0.0200 

0.0200 

"g/kg 

15-May-90  Field  Blank 

MO 

0.0050 

0.0050 

mg/kg 

15-May-90  Field  Jlar* 

NO 

0.1900 

0.1900 

"g/kg 

14-May-«  Field  6l»Tk 

MO 

0.0050 

0.0050 

1d'Mav-90  Field  Blank 

0.0100 

mg/Kfl 

t6-><ay-90  Field  Blank 

NO 

0.0050 

0.0050 

"g/kg 

16-Nav-90  Field  Blank 

NO 

0.0050 

0.0050 

mg/Kg 

17'Mav-90  Field  Blook 

MC 

0.0050 

0.0050 

mg/Kfl 

17-Hav-90  Field  Blank 

HO 

0.0050 

0.0050 

mg/kg 

17-Mav-90  Field  Blank 

MO 

0.0050 

0.0050 

mg/kg 

17'May-90  Field  Blank 

O.OC40 

mg/K9 

1fl-Mav-90  Field  Blank 

MO 

0.0050 

0.0050 

eq/Cg 

CContirA>?d) 


Table  F2  (Continued) 


llene  HMUlti  (or  x«tPii  •  SOIID;  SUmetrix  «  XM 


D«t* 

Type  of  Slsnk 

Detection  Ma^ 

Result 

Oetectioo  Limit  Units 

Analysis  for  Chrom*  VI  by  SW7196 

Analyte:  Chromiun  VI  continued 

18-Nay-90 

Meld  Blank 

0.0050 

ms/Xg 

IS-NayW 

Preparation 

NO 

0.0050 

0.0050 

mg/Cg 

16-*av-<M 

Preparation 

NO 

0.0050 

O.C050 

mg/Eg 

17-Kav-90 

Preparation 

NO 

0.0050 

0.0050 

mg/xg 

17-Xay-90 

Preoaritioo 

NO 

0.0050 

0.0050 

mg/Xg 

17-Xiy-9Q 

Preparation 

NO 

0.0050 

0.0050 

mg/to 

ia-Xiy-90 

Preparation 

NO 

0.0050 

0.C050 

mg/Xg 

18-Miy-90 

Preparation 

NO 

0.0050 

0.0050 

mg/Xg 

18-«ay-90 

Preparation 

NO 

0.0050 

0.0050 

mg/Xg 

22-Jul-90 

Preparation 

NO 

0.2000 

0.2000 

mg/Xg 

23-AU0-90 

Preparation 

NO 

O.OflOO 

o.caoo 

mg/Xg 

Total  Muroer  of  Blancs  8  25 

Concentration  Ranqe 

0.0050  •  0.010 

Total  Murrser  apove  Detection 

Limit  «  3 

Haainsja  Detection  Limit  ■  0.20 

*8a«*8a8a*a*aa88aa888a**3*s*a***a**a**8a*8S8a*a**8***8*****a8**e 

■■«a88Saa88S38a88S8aSS388a8S3aa8888S3888888S8a8S; 

Hathod: 

:  Sulfate  by  tc  (£300.0) 

Analyte:  Sulfite 

U-5eo-« 

Preoarttion 

XO 

12.5000 

12.5000 

mg/Xg 

Totil  xuitxf  of  aixnxi  >  1  Ccnemtretiopi  samje  XC 

Total  Hijrtxr  above  Oeteotioo  timtt  «  0  Xexieun  Oeteotion  Limit  «  1J.5 


**3xs«as««z3sasaass«4sa«sss: 


'*******3aaaaaa«3a8azaaaaaaC3S8axaBaaaasaasaaaaassxa8a8aasa3za: 


:3a3S388Sa  88  33881 


38*;8888833a88B 


88883888888 88833888 


■83338 388388*38888888888 888 


'■■■■■■■8a8a8X8888338a3SS888aaaa383S83aS888 
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Table  F2  (Continued) 


■  lank  SMults  tor  Katri*  «  TBEATEDr  SLtmatria  •  mu 


Oatt  Typ*  of  Biana; 

Detection  flag 

Sisult  Detection  Limit  Unite 

Mathod:  1C?  ►^etali  by  SU6010 

Anaiyta:  Chremiua 

19‘Sat5-90  Preparation 

MO 

0.0030  0.0030 

mg/L 

19-Seo-90  Preparation 

MO 

0.0030  0.0030 

ng/L 

25'Seo-90  Preparation 

MO 

0.0200  0.0200 

mg/L 

26-Sep-90  Preparation 

<5X 

o.oceo 

mg/L 

Total  Mincwr  of  Blanxs  *  4 

Total  Nurroar  above  Detection 

L  imi  t 

»  1 

Corceotration  Range  O.CCSO  •  0- 
MaxirrtjQ  Detection  Li'nit  *  0.020 

.COSO 

Method:  ICP  Metals  by  SU6O10 

Analyte:  Iron 

19*Sep-90  Preparation 

MO 

0.0400  0.0400 

og/L 

20-Sep-90  Preparation 

MO 

0.0400  0.0400 

mg/L 

26*Seo-90  Preparation 

MO 

0.0400 

fng/L 

Total  Murmer  of  aianes  ■  3 

Total  ttKjfOitr  aoerva  Detection 

Uitiit 

«  0 

Concentration  Range  mC 

Moxtrue  Detection  Limit  *  0.D40 

Method:  1C?  Metali  by  SU6010 

Analyte:  Lead 

19‘Sep-90  Preparation 

MO 

0.0500  0.0500 

i"3/L 

20*Seo-90  Preparation 

HO 

0.0500  0.0500 

mg/l 

2A-Sep*90  Preparation 

HO 

0.0500 

mg/L 

Total  N(.rtKr  of  Slanxs  •  3 

Total  atj»oer  above  Detection 

1  imi  c 

»  0 

Concentration  Range  MC 

Maxirvie  Detection  Limtt  »  0.050 

Method:  ICP  Metals  by  SU6010 

Analyte;  Nickel 

19-Seo-90  Preparation 

NO 

0.0200  0.0200 

mg/L 

20-Seo-90  Preparation 

MO 

0.0200  0.0200 

mg/L 

26'Sep-90  Preparation 

MO 

0.0200 

mg/L 

(Continued) 


Table  F2  (Continued) 


|l»nk  leiuUi  for  x*tr<*  ■  TBEATEO;  Sutratri*  ■  »«rf 
Date  Type  of  Itank  Detection 


Raautt 


Detection  Limit  Units 


Analytis  for  !CP  Metals  by  5^10 
Analyte:  Miekcl  continued 

Total  itJMoer  of  Hanks  •  3  Concentrotion  Range  kC 

Total  Miiiotr  above  Detection  Limit  ■  0  Maainis  Detection  Limit  *  0.020 


Method:  Chrcmie  Vl  by  SW7194 
Analyte:  Chromiije  Vt 

19-May-90  Preoarsticn  NO  0  0050  0.005C  mg/L 


Total  NiuTOcr  of  Blanks  «  1  Concentraticn  Range  NC 

Total  Noroer  above  Detection  Limit  ■  0  Maaieua  Detection  Limit  ■  0.C050 


i*»*a*»a**«*a»aa**a****»»»«a*»*****8a*x*a»»«»**«****a»»*»* »**»»»*»***»**•*■ •*■*■**•***•* 


(Continued) 
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Table  F2  (Continued) 

Hank  iMulti  lor  Katrix  •  TSEATED;  SUxtatrix  •  T 

Data  Type  ol  Hank  Dataotion  Hag  laiuit  Oatection  Llait  Unita 


Hathod:  Arieiic  by  A.k  (E2CV6.2) 

Analyta:  Arsanic 

27-Aug-90  Preparation  ao  O.OOAO  O.COAO  mg/L 

14-0ct-90  Preparation  ao  0.0040  aig/t 


Total  kLToer  of  Slanki  ■  2  Concentration  aange  »C 

Total  Nuicar  above  Detection  Limit  •  0  Maxinua  Oatection  Limit  •  0.0040 


method:  Conctactivity  (E120.1) 
Analyte:  Concxxtivity 


12-JUI-90 

12-Jul-9Q 

Method  aiifuc 

Preparation 

kO 

HO 

1.0000  1 

1.0000  1 

.0000 

.0000 

i^oa/cm 

Total  Nuroer 

Total  Hurroer 

of  Slancs  «  2 

atxr/e  Oetection  Limit  «  0 

Concentration  Sange  kC 

Majtinjn  Oetecnon  Lintc  * 

1.0 

method:  mercury  by  Cold  Vaccr  AA  (E245.1) 
Anmlyte:  mercury 


14-Oct-90  Preparation  0.0002 


Total  kuiper  of  Blanks  •  1 

Total  kjiper  above  Detection  Limit 

■  1 

Ccncentraiion  fiange  0. 
Maaiffua  Detection  Limit 

0C020  •  0.00020 

s 

methcxJ:  ICP  metals  by  subOlO 

Analyte:  Sariua 

27*Au9'90  Preparation 

NO 

0.01C0 

0 . 0 1  CO  mi?/  ^ 

W*Seo-9Q  Preparation 

NO 

0.01C0 

0.01CQ  mq/L 

03-0ct-90  Preparation 

NO 

0.0100 

mq/L 

(Continued) 
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Table  f2  (Continued) 


lltnc  BMult*  for  x«tri*  »  TBfATfO;  Sucr^trix  •  T 


0«t«  Type  oi  riarx  Detection  ftae 


lesuU 


Ottectfon  Limit  Unit* 


Anely*i*  for  ICP  Nettl*  by  SUW^Q 
Analyte:  Bar i tje  cont  i rued 

Total  Member  of  Hank*  ■  3  Concentrat ion  Ban^e  NC 

Total  Member  acove  Oatection  L’«ait  *  0  aaaiwLia  Detection  limit  *  0.010 


Method:  ICP  Metal*  by  SWMIO 
Anatyte:  Caornieie 


27-»vjq-90 

Preoaration 

<5X 

0A-Sn>-'W 

Preoarat'on 

MO 

OZ-Oex-'K 

Preparat i on 

NO 

Total  • 

•  3 

Total  c<te- 

t  .  jn  limit  •  t 

Me  the/- 

tCP  M.»ts.  j  »7V  .0 

Anal  yte‘  Ch*’  .'«e'.ee 

27-Avjq-90 

Precwaration 

MO 

Preparation 

MQ 

03-0ct-90 

Prei»aration 

*y- 

OA-OcfPO 

Preoa^at i on 

»Ci 

OA-Ocf-W 

Preparation 

Ca'Ocf-90 

Preparat 1  on 

ay 

Total  Member  of  ilanti  «  0 

Total  Member  aorrve  Oetectim 

1  e  i  t  •  t 

Mathcd; 

;  IC7  ..Htj  tn  S'JMIO 

Analyte:  Iron 

P^'^^rat  ion 

NO 

OS  'Dcf 

P'^eperanon 

Cl-Ocf'PO 

Preparation 

->5J 

W- Oct  VO 

Br^oeraf ,on 

■0 

OV-OCfX) 

Pr^^oartt  ion 

MO 

O.C093 

0.0050  0.0050  1*8/1. 

0.Q050  *^/t 


Concentrat  ion  Bange  O.CCS>3  •  O.C0O5 
Max irua  Detect  I  on  limit  ■  O.C050 


0.0100 

0.0100 

mg/L 

O.OOJO 

0.0030 

ffsB/L 

O.CMO 

»>g/L 

0.0030 

0.CO3O 

■iq/L 

0.0030 

0.0030 

INJ/I 

0.0030 

0.0030 

mg/i 

Concentration  tanqe  O.CO-iO  •  0.00^0 
MatiHxja  Detection  limit  •  0.010 


o.cuoo 

C.04C0 

mg/l 

o.woo 

ng/L 

o.oaio 

mg/l 

0.O4CO 

o.cuco 

*^/l 

O.DAOO 

O.OA30 

mq/l 

<Cont  Irxxcj) 
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Table  f2  (Continued) 


H•r^k  «esult.^  for  Witrix  ■  TrfATEO;  ■  ? 

Date  Type  of  Bltnlt  Detection  flea 


a«»«ss«esss«sss«s«*«««3i  »«««*«« 


•esult  Detection  Li«it  Units 


Anelysit  for  ICP  Metals  cry  SU6010 
Anelyta:  Iron  contirsjed 

Corcentration  lanq*  O.WO  -  0.CJ51 
Maxiaxja  Detection  Li«it  *  0.040 


Total  Mucber  of  Blar^es  ■  5 

Total  sijnber  abf>v«  Detection  limit  »  2 


Method:  ICf»  Metals  by  SJ6010 
Analyte*  leod 


27-AU9-90 

Mreoaration 

kO 

04-5eo*90 

Precmration 

NO 

03-Oct-9O 

Preparat ion 

NO 

03-Ocf9O 

Preparation 

MO 

04-0ct*90 

Preparation 

NO 

03-0ct-90 

Preparation 

NO 

Total  Mcarcsfir  cf  8(ar>KS  •  6 

Total  ■i.ffoer  lOove  Detection  limit  •  0 


Method:  ICP  Metals  by  SU6010 
Analyte:  Nickel 


(W-JwyW 

Preparation 

HO 

03-Oef« 

Preparation 

MO 

Ol-OefW 

Preparation 

MO 

W-Oct-'W 

Preoarat ion 

KO 

oa-ocf<w 

Preparation 

MO 

O.C500 

0.0500 

ma/l. 

0.0500 

0.05CO 

itig/L 

0.0500 

0.0500 

ng/L 

0.05CO 

0.0500 

mg/t 

0.0500 

0.0500 

rna/L 

0.0500 

0.0500 

■id/L 

Concentration  tan^e  aC 
Maxireje  Detection  limit  ■  0.050 


0.0200 

0.0200 

0.0200 

0.0200 

"9/1 

0.0700 

0.02CO 

m/k 

0.0200 

0.0200 

f^/i 

0.0200 

0.0200 

m^/l 

Tottil  Mv^oer  Blar^a  a  5 

Total  Mvjrpef  acnve  Detection  limit  >  0 


Cofxentfstion  langc  nC 
Maaiei^  Detection  limit  •  0.020 


Method: 

ICP  Metals  lyy  5'«i6010 

Analyte 

■;  Silver 

27-Aija-90 

Preisaration 

«5X 

0.0130 

04-Sep-90 

Presarat  i  on 

NO 

o.oico 

0.0100 

ng/l 

03-Oct-<W 

Preparat ion 

HO 

O.OICO 

ng/l 

(Continued) 


Table  F2  (Continued) 

ll*nk  »Mult>  for  •  TBEATED;  SLOwtrij  «  T 

Oat*  Tyv*e  of  0*tecticn  flaw  Reault  0*t*ction  Limit  Units 


Analysia  for  ICP  W«tal*  by  SN*6010 
Analyt*:  Sllvtr  continued 

Total  Kuaber  of  8lan*s  »  3  Concentration  ftange  0.013  -  0.013 

Total  at.asCKr  above  Detection  Limit  ■  1  Kaaimjt  Deteetior'  Limit  *  0.010 


a«thod:  SaleniLia  by  U  (£270.2) 
Anaiyte:  Saleniua 


27-Aug'90 

16*0ct-90 

Preo^aiion 

PretMipition 

HO 

HO 

0.0050 

0.0050 

0.0050 

e4/L 

na/t 

Total  Nopoer 

of  Blancs  *  2 

Concentration  Rang#  HC 

Total  Mueoer 

above  Detection  Limit  •  0 

Maxivaa  Detection  Limit 

«  0.0050 

methor,;: 

;  Chronw  VI  by 

swriw 

Analyte:  Chrcmicaa  VI 

Ckb-Jui'-W 

Preoaration 

HO 

0.0200 

0.0200 

mgyi 

06*Jul*90 

Preoaration 

MO 

0.0200 

0.0200 

ffO/L 

23-*ua-90 

Preoaration 

ao 

0.0200 

0.0200 

ffQ/L 

Total  Mixaser  of  BUnat  »  3  Concentri t ion  flanq*  MC 

Total  a^j*«a*r  abo^e  Detection  Limit  •  0  Waaimut  Detection  Limit  »  0.020 


aetfiod:  Sulfate  by  IC  (£300,0) 

Anaiytt:  Sulfate 

IO-Jul-90  method  Blan*  *0  0.C5OO  0.0500  mQ/L 

10'Jul*90  Preoaration  *0  12.0OCO  12. COCO  fh^/L 


Total  NviKJer  of  8lan«i  »  2  Ccncentrtt i cn  Banqe  aC 

Total  auwoer  •cove  Detection  Limit  *  0  Kiaiatmi  Detection  Limit  •  12.0 


(Contifxwd) 
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Table  F2  (Continued) 


I 


Bl«o«  RcsjUs  for  Matrix  •  TREATED;  Subs^trix  *  M/A 


Dat*  Typ*  of  aiont 

Datection  Fla9 

Result  Detection  cini C  Units 

Method:  Arsenic  by  AA  (£206.2) 

Anaiyte:  Arsenic 

20'Seo'90  Preperttico 

MO 

0.0040  0.0040 

«0/*9 

Total  Hunter  of  aUncs  •  1 
Total  Mv.rc^r  above  Detection 

L ini t  •  0 

Concentration  Range  MC 

Masimja  Oetecticn  Limit  •  0.0040 

fletnod:  tMoride  try  1C  (£300.0) 

AnaLyti:  Chlorid* 

28*Sep*9Q  Preparation 

NO 

5.0000  5.0000 

•9/X9 

Total  Mc«er  of  Slanas  *  1 
Total  MuBPer  above  Detection 

Liinit  a  0 

Concentration  Range  MC 

Maxieua  Detection  Limit  >  5.0 

Hethod:  ICP  »»etaU  t?v  SU6aiO 

Analyte:  Chroaiiua 

20*SeC'90  Preparation 

«5X 

0.4000 

(n9/X9 

2S*Sep*90  Preparation 

MO 

O.OMO  O.OMO 

mg/tg 

26*$ep*‘?0  Precaration 

<5x 

0.4000 

ng/tg 

2fl*Sep-90  Preparation 

HD 

0.3000 

mg/tg 

28‘Seo*90  Preparation 

«5» 

o.oooo 

ug/tg 

03-Oe'-9O  Prycurttlon 

NO 

0.3COO  0.3000 

mg/Xfl 

Total  MLweier  of  8(ar>ct  •  6 
Total  Mi^roer  abiove  Detection  ; 

i*i t  •  3 

Concentration  Range  0.01150  •  0.40 
Masunji  Oetecticn  Limit  »  0.30 

Metncd:  ICP  Metals  tTv  S'.at^DIO 

Analyte:  Iron 

26*Sep-‘?0  Preparation 

MO 

4.CCC0  4.0000 

ing/fQ 

2a*SeO'^  Preoaratior, 

<5X 

5.90C0 

mg/?g 

01*Qct*90  Preparaticn 

<5* 

0.0600 

mg/tg 

0.'^-0cf90  Preparation 

MO 

4. COCO  4.0000 

r»3/Sg 

03-Qct-90  Precaretion 

MO 

0.0400 

(Continued) 
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Table  F2  (Concluded) 


8l*nlc  Besulta  for  Mtrix  ■  TSEATEO:  Sctorwitrix  »  M/A 

Oat*  Type  of  Blar*  Ottection  fla^  Heault  0«t«tion  Limit  Units 


Aralyjii  for  ICP  Kotit*  by  SWfllO 

Analytt:  Iron  continued 

Total  NLnewr  of  Blanks  ■  5 

C»«eniration  Range  0.060  -  8.9 

Total  HunC3«r  above  Detection  Limit 

•  2 

Oetrrtion  Limit  »  4.0 

Kethoa:  ICP  Metals  by  SUbDIO 

Analyte:  Lead 

26-SOO-90  Procorition 

MO 

5.0000  5.0000 

mg/Kg 

2fl*Seo-90  Preparation 

NO 

5.CC00 

mg/Kg 

03*0ct‘90  Preparation 

MO 

5.0000  5.0000 

mg/its 

O3'0ct-90  Preparation 

NO 

0.0500 

n)/tg 

Total  MLToer  of  Blanks  •  A 

Concentration  Range  NC 

Total  Hoaoer  above  Detection  Limit 

«  0 

Maxiiua  Detection  Limit  *  S.O 

Kothod:  ICP  Kotoli  by  SUMIO 

Arolyft:  Kletol 

26*Sep-90  Preparation 

MO 

2.0000  2.0000 

mS/tS 

2S-5ep-90  Preparation 

w 

2.0000 

ing/ig 

01«Ocf90  Preparation 

MO 

0.0200 

fyg/<g 

03-Oct-9O  Preporttion 

MO 

2.0000  2.0000 

mg/ig 

Total  Huaber  of  Blanki  •  A 

Concentration  tangt  MC 

Total  Muibar  above  Detection  Limit 

■  0 

Maximua  Ottection  Limit  >  2.0 

Method;  Selrnivmi  oy  AA  f£270,2) 

Analyte:  Selentua 

20'Seo*90  Preparation 

MO 

0.0000  0.0000 

mg/Kl 

Total  Murrxr  of  aiir.Ks  •  1 

Total  MorCer  a&ova  0«?«tior»  Limit  *  0 


Corce<»trtt1or  88r«q«  kC 
Wasinxw  Oeteoiicn  Limtt  ■  O.OCOCO 


Table  f3 

Sijrmarv  of  Quality  Control  Check  Sample  (OCCS) 
Results.  Frontier  Hard  Chroog 


Blank  Results  for  Matrix  ■  TREATED;  Subnatrix  »  M/A 


Date  Type  of  Blank 


Detection  Elag 


Detection  Limit  Units 


Method:  Chrome  VI  by  SW7196 
Analyte:  Chroaiiura  VI 

20-Sep-90  Preparation 


O.C050  ing/rs 


Total  Nuivcaer  of  Blancs  ■  1 

Total  McrOer  above  Detection  Limit  >  0 


CcricentratJcn  Range  MC 
Maxifu*  Detection  Limit  ■  0.0050 


Method:  Sulfate  by  1C  <E3C0.0) 
Analyte:  Sulfate 

2fl-Sef>-90  Preparation 


Total  Moeber  of  Blancs  *  1 

Total  MijfCser  above  Oetecticn  Li.ait  «  0 


Corcentration  Range  MC 
Haxiflua  Detection  Limit  *  12. S 


Table  F3  (Continued) 


SL»*U«T  OF  QCCS  JESUITS  FOR  KAT8IX  »  XU  EP  LEACKATE 

KuTC»r 

of 

?araffl«ttr  Sanoles 


M«an  X 

Hecovory  CV  <X) 


!CP  Metals  by  SU&Q1Q 
CaUbraticn  Control  Sartole 


Chroratua 

5 

08.9 

1.3 

Iron 

7 

98.2 

1.3 

Lead 

7 

97.5 

1.0 

Mtckel 

7 

97.9 

1.3 

BBXBaiB'SBBaaBasaxxaaaasxax: 


ixsaacsassxaaasasaaaaXBassaaassxaaxxa'Bsa' 


;aaa9aaa*aa»aaassa*3«aaaaaa**aa*3aaa*a 


(Continued) 
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SUH4A8r  Of  QCCS  BESJLTS  FOR  WTRIX 


ParefTKter 


Table  F3  (Continued) 
Sol  id 

Nunbcr 

of 


saxssaaasa: 


Mean  X 

Recovery 


:s3saxaaaxaas«ax 


CV  (X) 


Arsenic  by  AA  (E2C6,2) 

Calibration  Control  S^rpie 


Arsenic 

ConducTivitv  (E120.1) 

5 

96.8 

8.0 

Cjlibrstion  Control  Satcle 

CCMO 

S 

98. S 

2.0 

Conducti  v-'  ty 

5 

100.0 

.4 

Chloride  by  1C  (£300. 0> 

Cilibritioo  Control  Saoole 

Chloride 

7 

98.3 

1.0 

Mercury  by  Cold  Vepor  M  (£245.1) 

Cilibretion  Control  Sjetoie 

hercury 

3 

98.3 

1.5 

ICP  ^tals  by  S»id010 

Calibration  Control  Sanjle 

BariLfi 

4 

97.0 

1.6 

CacRnicn 

4 

95.9 

2.4 

Chromius 

77 

101.6 

3.3 

Iron 

77 

100.9 

3.3 

Lead 

&0 

101.7 

3.3 

Nickel 

72 

101.3 

3.4 

Silver 

4 

97.5 

1.1 

Leboretory  Control  Samole 

Chrontcn 

2 

96.0 

4.4 

Iron 

2 

104.8 

3.8 

lead 

2 

94.7 

4.9 

Mickel 

2 

90.9 

14.2 

Seleniua  by  AA  <E273.2) 

Calibration  Control  $<rx)le 

Sel  eni  Lfa 

5 

96.3 

3.1 

Chrorw  VI 

Calibration  Control  Swnole 

Chrcnitrt  VI 

4 

98.9 

1.3 

(Continued) 


Table  F3  (Cor.ti 


siieair  of  occs  sesults  tor  mtiix  »  Solid 

Kl4BC«r 

of 

Ptramctor  S««c(t« 


ChPOffw  VI 

libopttory  Control  Sarole 

Chrcfflii/n  VI  27 

SuU«tt  by  tC  (nOQ.O) 

Calibrstion  Control  Sarrqaio 

Sulfate  5 


(Continued) 


isasai 


Mean  X 

tec every 


>8 


Table  F3  (Concluded) 

SUMM8Y  OF  OCCS  RESULTS  FCW  KATRIX  «  TREATED 

HurR^er 

ci  Mean  X 

PararTKter  S«to(«  Recovery  CV  (X) 

Arsenic  by  AA  (E204.2) 

Calibraticn  Control  Sirfsl* 


Arsenic 

5 

99.4 

a. 5 

t.»boi-itorY  Control  Snite 

Arsenic 

1 

114.4 

Conductivity  (£120.1) 

Calibration  Control  Sirxile 

Conojctivi  ty 

12 

100.2 

.9 

Chloride  by  IC  (£300.0) 

Calibration  Control  Sarnie 

Chloride 

14 

98.0 

2.5 

Mercury  by  Cold  Vaoor  AA  <E245,1) 

Calibration  Control  S«rple 

Mercury 

4 

93.1 

2.6 

ICP  Metals  by  SU*fl10 

Calibration  Control  Swnole 

Sarius 

9 

99.5 

1.6 

Cadsitn 

9 

95.6 

3.5 

Chromiua 

44 

100.7 

2.1 

Chroniui  vi 

1 

102,0 

Iron 

<5 

98.7 

2.0 

Leai.! 

42 

101.8 

5.2 

Mfckel 

39 

101.8 

6.9 

Si Iver 

9 

97.8 

2.5 

L.boritory  Contrel  S»nDl. 

Bariue 

1 

102.0 

CacSeiuBi 

t 

102. C 

ChrOMYLIS 

3 

94.6 

6.8 

Iron 

6 

91.3 

10.3 

Lead 

7 

96.4 

7.2 

Nickel 

7 

90.7 

9.9 

Silver 

1 

99.7 

pH  by  SV9045 


Table  FA 
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Table  f4  (Continued) 


Oct  Meeiurea 
Flag  Value 


X 

Pec ovary 


Kethod:  arjente  by  AA  <E206.2) 

Matrix;  Solid 
Analyte;  Arienic 

Type  of  Control  Samole:  Calibration  Contro.  Sarole. 

27-Aug-90 

27-Aog-90 

06-Seo-90 

06-Seo-90 

0A-S»p-90 


0.050  mg/l 

0.052  mg/L 

104.00 

0.050  nq/l 

0.049  mg/L 

9fi.00 

0.C5O  mg/L 

0.046  ii^/L 

92.00 

0.050  ing/L. 

0.050  mg/L 

ICO. 00 

0.050  ng/i. 

0.045  ng/L 

90.00 

Nunoer  of  Sarpica  •  S 


Mean  X  Recovery  «  96. S 


Method:  Araenic  by  AJl  (£206.2) 

Matrix:  rSEAIEO 
Analyte;  Arienic 

Type  of  Control  Samole;  Calibration  Control  Satiple. 

06-Seo-90 

06-Seo-9Q 

06-Seo-90 

16-0ct-9Q 

16'Oct-9Q 

Type  of  Control  Samole;  laboratory  Control  S^rple. 
16'0et-90 


0.050 

"K/l 

0.050  s)i9/L 

100.00 

0.050 

"9/1. 

0.C4i  nj/l 

92.00 

0.050 

■g/t 

0.045  mg/L 

90.00 

0.050 

««1/L 

0.053  mg/l 

105.00 

0.050 

a«3/L 

0.055  ng/l 

110.00 

0.050 

mg/L 

0.057  mg/l 

114.40 

Mcnper  of  Sarplel  «  6 


Mean  X  Becovery  «  101.9 


CV  (1)  •  9.6 


(Continued) 


F33 


Table  F4  (Continued) 


truo 

Oct 

Motiured 

X 

Oatt 

Vau<a 

flag 

Value 

Recovery 

Kathod:  Conduetfvfty  <E120.1) 

MitrU;  Solid 

Analytt;  COO 

Type  of  Control  Semple:  Celibrition  Ccntrol 

Sorrple. 

12-Jul-90 

U03.0 

ire)o«/cm 

1334. COO  nfioa 

98.45 

12-Jul-90 

U03.0 

try^os/cm 

1409, CCO  mos 

100.43 

12  Jul-90 

U03.0 

orros/cffl 

1405.000  mot 

100.14 

26-Jul-90 

K03.0 

ixros/c.’n 

1345.000  trrof 

95.87 

24- Jul-90 

U03.0 

utrot/cfn 

1345.000  tmoa 

97.29 

Ntjmr  of  Serous  •  5 

Mean  X  Recovery  ■  98,5 

CV  tX)  ■ 

.0 

Method:  Conductivity  (E120.1) 

Matrix:  Solid 

Analyte:  Conductivity 

Typ*  of  Control  Sarolf:  Calibration  Ccsntrol 

Sivrol  e. 

a4'Sep-90 

uoo.o 

1395.000  urtios/cm 

99.64 

04-S«)-90 

uoo.o 

uryios/ca 

1409, COO  OTiM/Cffl 

100.44 

M-S«-90 

uoo.o 

cmnot/on 

1398,000  ixros/cm 

99.84 

05-S«)-90 

uoo.o 

UTflOS/Cffl 

1399. COO  ijrf>05/ca 

99.93 

05 -Sop- 90 

uoo.o 

imos/ca 

1397.000  LUtios/cja 

99.7? 

Uxjrtxr  of  Sarroles  «  5 

aean  X  »ocov«ry  »  100.0 

CV  (I)  • 

.0 

Method:  Conductivity  (£120,1) 

Hetrii:  TSEATED 
Analyte:  Conductivity 

Type  of  Control  S*Tole:  Calibretion  Control  Soi-nole. 


04-Seo-90 

UOO.O 

u^05/cn 

U09.CC0 

uTro*/c» 

100.64 

04-Sep-90 

uoo.o 

umo$/cn 

U09.00Q 

trrios/ca 

100.64 

04-Seo*90 

uco.o 

vmos/ca 

1393.000 

u^os/ca 

99. S6 

04-Seo-90 

uco.o 

umos/ca 

1395. CCQ 

Lmos/ca 

99,64 

a4-Sep-90 

uco.o 

umot/ca 

1395. OCO 

tmos/ca 

99.64 

04-Seo-90 

T4C0.0 

vmos/ca 

1393. OCQ 

urrcs/cn 

99. B6 

(Continued) 
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Table  F4  (Continued) 


Trua 

Dat 

Naasu  ad 

X 

Data 

Value 

fUg 

Valu* 

Bac ovary 

Mathod:  Chlorioa  by  IC  (E3CQ.0) 

Matrix:  TREATED 

Analyta:  Chlonda 

Typa  of  Control  Sairota:  Calibration  Control 

Sarcla. 

U'Sao’VO 

a.  COO 

•0/L 

7.&41  mr/L 

98.01 

U-SaO'90 

aeOOQ 

fnq/L 

7.890  mg/L 

98.63 

U-SaO'90 

a.  000 

n^/L 

7.840  niq/L 

98.00 

U*Sao-90 

a.OQQ 

iM/t 

a. 010  Jng/L 

100.13 

U-Sao-90 

a.  000 

iBO/L 

7.890  mg/L 

98.63 

U-Sao-90 

a.JCQ 

ffS/L 

7.841  mg/L 

98.01 

U-Sao'90 

8.000 

m^/l. 

7.890  mg/L 

98.63 

U-Sap-W 

a.  000 

nj/l. 

a. on  inQ/L 

100.13 

2a'Sep-90 

a.  000 

mg/L 

8.210  mg/U 

102.63 

2a*Seo-90 

a.  000 

mg/L 

7.940  mg/L 

99.25 

28-Sap-90 

a.  000 

i"0/L 

7.750  mg/L 

96.88 

Q3-Oct-90 

8.000 

"iq/l 

7.543  ff»3/l 

94.29 

03-0ct-90 

a.  000 

««J/L 

7.581  mg/l 

94.76 

03-Oet-90 

a.OQQ 

wj/U 

7.518  mg/l 

93.95 

Murocr  of  Sanp^ea  ■  t«> 

Naan  X  flacovary  « 

98.0 

CV  (S)  . 

2.5 

««aaa«sa««««aK«assassas««sa«9«ssssa«ssz«sx9««a«atac«s«Ti««aass«as«««ssassS38s«ss>«‘e«ss«maa*9*TS«>ss>*«**BB''a’ 

X«thod:  Hffcury  by  Cold  Vipor  AA  (P245.1) 

Matrix:  Solid 
Analyta:  Marcury 


Type  of  Control  Sarcle:  Calibration  Control 

Sa<T»pla, 

27-*og-90 

0.0040 

mg/L 

0.004  rr*}/\. 

100.00 

27-Aug-90 

0.0040 

mg/L 

0.004  mg/L 

97.50 

04-Sap*90 

0.0040 

mg/L 

0.004  mg/L 

9.'. 50 

Nuroar  of  Sar^oles  *  5 

N«8n  X  Racovary  » 

98.3  CV  (1)  • 

1.5 

vzKSaaaasaascssasasszzztsxBsvsasxxsvosazxza 

sar9«Tss 
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Table  F4  (Continued) 


True  Oet  Heasured  X 


Data 


Value  flag  Value  Recovf:ry 


Nathcd:  Chlor*oe  by  tC  <E300.0) 

Matni:  TREATED 
Analyte:  Chloride 

Type  of  Control  Sanola:  Calibration  Control  Sanole. 


U'Seo-90 

8.000 

■9/L 

7.841 

irq/L 

98,01 

H-Seo-90 

8.000 

wg/w 

7.890 

mg/o 

9n.6:s 

U-S^o-90 

S.OQO 

mq.'L 

7.540 

mg/L 

98.00 

U-S«!-90 

8.000 

mq/L 

8.010 

mg/L 

100.13 

U-Seo-90 

8.000 

Itfl/L 

7.850 

trg/L 

93.63 

U-SW90 

8. COO 

in9/L 

7.541 

mj/l. 

98.01 

U-Sep-90 

8.000 

mS/L 

7. 890 

ing/L 

93,63 

U-Se0'90 

8.000 

inS/l- 

8.010 

fng/l 

IOC. 13 

2a-S«>-90 

8.000 

mg/L 

8.210 

mg/L 

102.63 

2a-Seo-90 

8.000 

ing/l. 

7.940 

mg/L 

59.23 

2a-Sec)-90 

8.0C  ' 

irg/L 

7.750 

ng/t 

96.33 

03-Oct- 90 

8.000 

ing/l. 

7.543 

ing/l 

94.29 

Q3-Oct-'W 

8.000 

7.581 

ng/l 

94.76 

03*Oct-90 

8.000 

mj/l 

7.516 

mg/l 

93.55 

sssxssasasssBBsac 

Mumber  of  »  U 

SSSB*?«S«33B««BX9aaV3T««SS«S3 

Mean  X  Aecovery  • 

SSBBSSSSBXXBBSBSSXaSSI 

93.0 

SBSBCSSSS: 

CV  (X)  . 

taaxzBXaaassssxs: 

2.5 

Method:  aarcury  by  Cold  Vapor  AX  (£265.1) 

Matrix:  Solid 
Analyte:  Mercury 

Type  of  Control  Sarcle:  Calibration  Control  Sarple. 


27-»ug-90 

0.0040 

»^/L 

0.004  »ng/L 

IPO.  CO 

27-*ug-90 

0.0040 

mg/L 

0,004  frtg/L 

97.50 

04-Sep-90 

O.C040 

mg/L 

0.004  nig/t 

97.50 

ALToer  of  Sarplea  *  3 

Mean  X  Secovery  » 

98.3 

CV  (X)  . 

1 .5 

XSSXSXXSXZTrsVBB 


(Cent  irAj»?d) 


Table  F4  (Continued) 


Date 


Tnj*  Ott  Measured  Z 

Value  Flag  Value  Recovery 


Method:  Mercury  bv  Cold  Vapor  AM  (£245.1) 
Matrix;  TREATED 
Aneiyte;  Mercury 


Type  of  Control  Sanole:  Calibration  Control  Sample. 


04-Sep-90 

0.0040 

»«/L 

0.004  fio/l. 

95.00 

04-Seo-90 

0.0040 

«>9/L 

0.004  ng/L 

97.50 

16*0ct-90 

0.0040 

in^/L 

0.004  mg/l 

99.00 

16-0ct-90 

0.0040 

ng/L 

0.004  ng/l 

101.00 

Mufloer  of  Sarples  »  4  Mean  X  Recovery  ■98.1  CV  (Z>  ■  2.6 


Method:  JCP  Metals  try  SU6010 
Matrix:  MW  6P  LEACHATE 
Analyte:  Chromiue 


Type  of  Control  Sancle:  Calibration  Control  Sanpie. 


18-Jin-90 

5  000 

•g/L 

4.980  iig/L 

99.60 

ia-Jin-90 

5.000 

ng/l 

5.000  mg/t 

100.00 

1«-J'.n-90 

5.000 

■O/l 

4.890  ng/t 

97.80 

18-Jun-90 

5.000 

«ig/L 

4.8AO  Kj/t 

97.20 

18-JIX1-90 

5.000 

•g/l. 

4.990  ng/L 

99.80 

Merper  of  Samples  ■  5  Mean  X  Recovery  ■  98.9  CV  (Z)  •  1.3 


Method:  (CP  Metals  by  SW6010 
Matrix:  mw  EP  LEACHATE 
Analvte:  Iron 


Type  of  Control  Sarple:  Calibration  Control  S^r^le. 


18*Jin*90 

5.000 

"q/L 

4.880  M3/L 

97.60 

18-Jut  90 

5.000 

nq/L 

4,840  mq/L 

96.80 

ia-Jui-90 

5.000 

"q/L 

4.960  i»-)/L 

99.60 

1fl-Jun-90 

5.000 

■^/L 

4.95C  eg/L 

99.00 

18-Jut90 

5.000 

mq/L 

4.960  (nq/i. 

99.20 

18-JU1-90 

5.000 

ft^/l 

4.940  mq/L 

98.80 

18-JU1-90 

5.000 

"S/L 

4.820  nq/L 

96.40 

(Continu4?d) 


Table  f4  (Contintjed) 


Trut 

Det 

Measured 

X 

Date 

Valut 

FU9 

Value 

Recovery 

Method; 

Matrix: 

Analyte; 

TyT»  of 

tCP  Metals  by  SU601Q 

MW  EP  IEACMATE 

:  Iron 

Control  SafTole:  Calibration  Control 

Sample,  contirxjed 

Hijroer  of  Samples  •  7 

Mean  X  Recovery  ■ 

95.2 

CV  (5)  » 

1.’ 

Method:  tCP  Metals  by  SU601Q 

Matrix:  mw  EP  LEACHATE 

Analyte:  Lead 

Type  of  Control  Sarrple;  Calibration  Control 

Sample. 

18- Jut  90 

s.ooo 

«S/L 

4.830 

iifl/L 

96.60 

18-Ji.tT90 

5.000 

nj/L 

4.890 

»J/L 

97.80 

18- Jut  90 

5.000 

"q/L 

4.810 

mq/l. 

96.20 

18- Jut  90 

5.000 

ns/L 

4.860 

mg/L 

97.20 

18- Jut  90 

5.000 

"g/l 

4.950 

mq/U 

99.00 

18- Jut  90 

5.000 

mj/L 

4.910 

inq/L 

98.20 

ia-Jui-90 

5.000 

"9/1. 

4.880 

»q/l 

97.60 

Mixt»er  of  Sarrples  •  7 

Meen  X  Recovery  ■  97.5 

CV  (5)  • 

1.0 

x.tnod:  IC?  x.t.lt  by  SU4010 

Matrix:  >V  EP  LEACHATE 

Ar.*iyt«:  xiek.l 

Type  of  Control  Sample:  Calibration  Control 

Sample. 

t8-Jui-90 

5.000 

ng/l 

4.S30 

mq/l 

96.60 

ia-Jui-90 

5.000 

mj/l 

4.890 

•S/L 

97,80 

IS- Jui-90 

5.000 

4,750 

95.40 

18-  JutPG 

5.000 

irg/L 

4.960 

.■nq/u 

99.20 

18-JU1-90 

5.000 

"q/l 

4,940 

mq/L 

98.80 

ia-JuT90 

5.000 

mg/L 

4.920 

i«J/L 

98,40 

18-Jun-90 

5.000 

•.J/L 

4.930 

mg/L 

98.60 

Munoer  of  Sarrples  »  7 

Mean 

X  Recovery  ■ 

97.9 

CV  (I)  • 

1.3 

r' 


(Continued) 
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Table  F4  (Continued) 


i 


I  ■«■»««  sa«ai*«si 


0«ct 


•  •••••sraaaaaaaaaaaaaaaasaaraa**********"*****************' 
fru*  0«t  Heaiur«d  ^ 

Valuv  Ftagi  Valo^  fiecovery 


»«thod:  ICP  K«ciii  by  SW^IO 
Matrix;  SoUd 
Anaiyte:  Bariun 

Type  of  Control  S»iple:  Calibration  Control  Sarcle. 


2.''-»og-90 

5.000 

ne/C 

4.790  tr*9/l 

95.80 

27-AU9-90 

5.000 

4.S10  in5/L 

96.20 

2r-Aoq-90 

5.000 

ng/L 

4.&30  ng/L 

96.60 

27-*ug-'W 

10. 0 

»9/L 

9.930  ing/L 

99.30 

MufToer  of  Sarrplfs  ■  A 

Mean  X  Becovery  ■  97.0 

CV  (S)  • 

).& 

Method:  ICP  Metals  by  sw>010 
Matrix:  Solid 
Analyta:  Cactiiiaa 


Type  of  Control  Sarrola:  Calibration  Control  Sarx)!*. 


27-Aug-90 

5.000 

*9/1 

A. 740  «9/L 

94.80 

27-Aug-90 

10.0 

•4/L 

9.940  n9/l 

99.40 

27-AU9-90 

5.000 

•9/1 

4.7:0  119/L 

94.40 

27-Auq-«0 

5.000 

•9/1. 

4.750  119/L 

95.00 

Hurecr  of  Sarrpias  ■  4 

Mean  X  aecovery  ■  95.9 

CV  (X)  » 

2.4 

Method:  ICP  Metals  by  SU6010 
Matrix:  SoUd 
Analyte:  Chromiun 


Type  of  Control  SamoU:  Calibration  Control  Sarple. 


21*May-90 

5.000 

•9/L 

5.130  mg/l 

102.60 

21-»«av-90 

5.000 

"9/1 

5.130  mq/L 

102.60 

23-Mav-‘>0 

5.000 

•9/1 

5.480  mq/l 

109.60 

23-Hav-90 

5.  COO 

•9/1 

5. 200  inq/L 

104.00 

28'Mbv90 

5. COO 

"9/1. 

5.140  ffig/L 

102.80 

23'May-90 

5.  COO 

•9/1. 

5.07Q  mq/t. 

101.40 

29-May- 90 

5.000 

"9/1 

4.650  wj/L 

93.00 

r9-Mtv-90 

5.000 

•9/!. 

4.740  inq/l. 

94.  ao 

29-May-90 

5.000 

"9/1. 

4.740 

94.80 

3 


(Continued) 


Table  F4  (Contirujed) 


Datt 


ia**»*'»-»j***  »■«*»»*»»»*»«»*»#***'«•»*»»*•»*********■  •*****■**' 

tnje  D<t  H«tsur«i  * 

Value  Fits  Value  Recovery 


aetnod:  ICP  Vetalj  by  SuiQIO 
aatrie:  Solid 
Analyte;  CbroniLn 

Type  oT  Control  Santile:  Calibration  Ctvitrol  Sample,  contira^d 


Z9-N»v90 

5.000 

ag/l 

4.770  (nj/l. 

95.40 

29-»*ay-90 

.  5.000 

»e/L 

4.a90  ng/u 

97,50 

29-M«y-90 

5,000 

«ig/L 

4.S10  mq/U 

96.20 

29-«»y-90 

5.000 

ng/l. 

4.a30  mg/t 

96.60 

31-May-90 

5.000 

"g/L 

S.UO  mg/t 

102.50 

31->'iy-90 

5.000 

•g/L 

5.110  )Tig/t 

102.20 

Ol-JUT^O 

5.000 

eig/l. 

5.100  rr^/l 

102.00 

01-Jun-90 

5.000 

ing/L 

5.110  fng/t 

102.20 

Ol-Jur-'W 

5.000 

wg/L 

5.090  ng/L 

101.50 

02*  Jin- 90 

5.000 

ng/L 

5.120  mg/L 

102.40 

02- Jin- 90 

5.000 

ng/L 

5,010  mg/L 

100.20 

02-Jin-90 

5.0GO 

mg/L 

5.030  ng/L 

100.60 

03- Jin-90 

5,000 

mg/i. 

5.130 

102.60 

03- Jut90 

5.000 

mg/ 1 

5.170  mg/L 

103.40 

03-Jiin-9O 

5.000 

mg/L 

S.lflO  mg/L 

103.60 

a3-Jin-90 

5.000 

mg/I, 

5.070  ing/L 

101.40 

K-Jvn-90 

5.000 

mg/I. 

4.9aO  (hg/L 

99.60 

U-Jun-90 

5.000 

mg/l 

5.070  mg/L 

101,40 

17-Jin-9Q 

5.000 

mg/U 

4.980  fr^/\. 

99.60 

17-Jir-90 

5.000 

mg/l 

5.060  fng/L 

101.20 

19-Jin-90 

5.000 

mg/l 

5.120  mg/t 

102.40 

19-Jvn-90 

5.000 

ng/l 

5.140  ffig/L 

102.50 

19-JLn-90 

5.000 

mg/L 

•  5.070  mq/L 

101.40 

19-Jin-90 

5.000 

mg/L 

5.060  inj/l. 

101.20 

19- Jin- 90 

5.000 

mg/l. 

5.190  mq/l. 

101.40 

19-Jur-90 

5.000 

mg/L 

5,050  wiq/L 

101.00 

20- Jin- 90 

5.000 

«g/L 

5.160  Kfiq/I. 

103.20 

20-JLn-90 

5.000 

atg/l 

5.140  ttiq/L 

102.50 

21-Jun-90 

5.000 

mg/t 

5.140  wa/L 

102.50 

2t-Jin-90 

5. 000 

mg/l. 

5.130  rq/L 

102.60 

25-Jin-90 

5.000 

mg/L 

5.390  rrq/L 

107.50 

25'Jin-90 

5.000 

mg/l 

5.240  mg/l 

104.50 

11-Jul-90 

5.000 

mg/L 

5,030  mg/l 

101.80 

n-Jul-90 

5.000 

mg/l 

5.090  »iq/l 

101.80 

12-JUI-90 

5.000 

mg/l 

5.190  .Tq/l 

103.50 

12-Jul-90 

5.000 

mg/l 

5.140  tng/l. 

102.50 

12-Jul-90 

5.000 

mg/l 

5.020  mq/l 

100.40 

1Z-Jul-90 

5.000 

mg/l 

5.540  fpq/L 

110.50 

(Conti.xjed) 
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Table  F4  (Continued) 


i*a*»*»»»»»»*»»*«*»B»*»***»»*a»»»»**a«****a»»s»»*»*»*»*»*a»»*asa»»*«»a»»»»»«*»»«*»»**»*»**«***»**»»»»«' 


Date 

Trt* 

Value 

D«t 

Flag 

Measured 

Value 

X 

Recovery 

Method:  ICP  Metals  by  SU6010 

Matrix:  Sc' id 

Analyte:  Chrof*tt/ri 

Type  of  Control  S«rcie:  Calibration  Control  S*Tple. 

contirucp 

1Z-Jul-90 

5.000 

no/L 

5. 000  xg/L 

101.60 

12-JUI-90 

5.000 

■g/L 

5.310  i!«/l 

110.20 

12-Jijl-90 

5.000 

mC/L 

5.400  xg/L 

109.60 

12-JUI-90 

5.000 

"^/L 

5.100  xg/L 

103.60 

IS-Jul-DO 

5.000 

og/L 

5.190  mg/L 

104.60 

13-JUI-90 

5.000 

mg/L 

5.230  xg/L 

104.60 

17-JUI-90 

5.000 

mg/L 

5.030  xg/L 

100.60 

17-JUI-90 

5.000 

«g/L 

5. ISO  ng/L 

103.00 

17-JUI-9Q 

5.000 

ig/L 

5.100  xg/l 

103.60 

17-JUI-9Q 

5.000 

ng/L 

4.960  mg/L 

99.20 

24-JUI-90 

10.0 

ng/l. 

10.100  xg/l 

101.00 

24-JUI-90 

5.000 

ng/l 

4.940  mg/L 

98.80 

24-Jul-DO 

5.000 

«r/i. 

5.100  mg/L 

102.00 

24-JUI-90 

5.000 

xg/t. 

4.910  mg/L 

98.20 

Zt-Jut-oo 

5.000 

xg/L 

5.100  ng/L 

102.00 

25-JUI-90 

10.0 

*g/L 

10.200  <ng/L 

102.00 

2S-JUI-90 

5.000 

xg/L 

5.190  mg/L 

103.30 

25'Jiil-90 

5.000 

xg/L 

4.960  mg/L 

99.20 

25-JUI-90 

5.000 

xg/L 

5.210  xg/l 

104.20 

25-JUI-90 

5.000 

xg/l 

5.000  xg/l 

101.60 

ZD-Jul-W 

5.000 

"9/1. 

3.230  xg/l 

104.60 

24-JUI-90 

5.000 

"9/L 

5.200  mq/L 

104.00 

26-Jgl-90 

5.000 

xg/l 

5.010  mg/L 

100.20 

24-Jut-90 

5.000 

xg/t. 

5.190  mg/L 

103.80 

:r  Jul-90 

10.0 

xg/L 

10.100  xg/l 

101.00 

27-*u9-90 

5.000 

xg/l 

4.790  xg/L 

95.80 

27-4ug.90 

10.0 

xg/L 

9.920  mg/L 

99.20 

27- Aug -90 

5.000 

xg/L 

4.S40  mg/L 

94.80 

27-Aug-90 

5.000 

xg/l 

4,770  mg/L 

95.40 

C3*Oct  90 

10.0 

xg/l 

9.960  xg/l 

99.60 

M-Oct-90 

5.000 

ng/l 

4.690  mg/l 

97.80 

Ca-0ct*90 

5.000 

xg/l 

5.160  mg/L 

103.20 

Type  of  Control  Sarple:  laborator/  Control  Sairole. 

24-Jul-VO 

l.CCO 

"9/t 

0.930  mg/L 

93.00 

26- Jui-90 

t.ooo 

rg/l 

0.990  mg/L 

99.00 

(Contirxjcd) 
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Tabl»  F4  (Continued) 


P«t* 


taaax'saaaa&xxxasasasaaasaaaaaasas*^*^^***********^**’***** 
Tru*  Ott  N••sur^d  X 

Value  Flag  Value  Recovery 


Nethod:  ICP  Xetili  by  SW<]1Q 
Matrix:  Solid 
Analyte:  Chrcniun 

Type  of  Control  Sanple:  Laboratory  Control  S^roie.  continued 


Mcrtaer  of  Samolea  «  Mean  X  Recovery  *  101.5  CV  <X)  »  3.4 


Method:  JCP  Metali  by  SU601Q 
Matrix:  Solid 
Analyte:  Iren 

Type  of  Control  Sarple:  Calibraticn  Control  Sxrole. 


21-Hiy-90 

5.000 

ms/l 

5.120  ng/L 

102.40 

21-K.V-90 

5.CC0 

ms/l. 

5.110  ng/L 

102.20 

23-Xir-9Q 

5.000 

*9/1. 

5.430  ng/L 

108.60 

23-X.y-90 

5.000 

*9/L 

5.180  mg/L 

103.60 

28-M«y-90 

5.000 

ng/l. 

5.050  ng/L 

101.00 

28-»»»y-90 

5.000 

ng/l 

5.150  ng/L 

103.00 

29-N»y-90 

5.000 

ng/L 

4.710  ng/L 

94.20 

29-*«y-'W 

5.000 

mg/L 

4.610  ng/L 

92.20 

29-K«y-90 

5.000 

mg/l. 

4.880  ng/L 

97.60 

29-X.y-9Q 

5.000 

"ig/L 

4.730  ng/L 

94.60 

29-»<»y-90 

5.000 

eg/l 

4.780  ng/L 

95.60 

29-Niy90 

5.000 

ng/L 

4.820  ng/L 

96.40 

29-*Hy90 

3.000 

mg/l 

4.720  ng/L 

94.40 

31 -toy  90 

5.000 

rq/l 

5.130  ng/L 

102.60 

31-Mty90 

5.000 

Bg/l 

5.180  n)/\. 

103.60 

01- ,1111-90 

5.000 

ng/L 

5.080  ng/L 

101.60 

Ol-)tr-90 

5.000 

1*1/1. 

5.210  ng/L 

104.20 

01-jLr-90 

5.000 

ng/L 

5.170  ng/L 

103.40 

OI-Jui-90 

5.00C 

ng/L 

5.180  ng/L 

103.60 

02-Jvn-9' 

5.000 

ng/L 

5.050  ng/L 

101.00 

02 -Jin- VO 

5.000 

ng/L 

4.960  ng/L 

99.20 

0<- Jm-90 

5.000 

i»^/L 

5.160  ng/L 

103.20 

03- Jut  90 

5.000 

nj/L 

5.060  nq/L 

101.20 

03-Jut90 

5.000 

ng/L 

5. 120  ng/L 

102.40 

03-JU1-90 

5.000 

ng/L 

5.020  ng/L 

100.40 

03-J'jn-90 

5.000 

nq/L 

5.100  ng/L 

102.00 

U-Jui-90 

5.000 

ng/L 

4.940  irg/L 

98.80 

U,Jun-90 

5.000 

ng/L 

5.020  ng/L 

100.40 

17-jLn-90 

5.000 

ng/L 

4.950  ng/L 

99.00 

icaaaaaaaaaaaaaaaassaaasaaaa J  3 


(Continued) 


Table  f4  (Continued) 


D«tt 


Trut 

Valut 


Ott  M«tsured  t 

FUg  V«lu*  ««cov*ry 


M«thod:  ICP  M«talt  by  SU6010 
Matrix;  Solid 
Anaiyta:  Iron 


Type  of  Control 

SaiTDla:  Calibration  Control  Sairpla.  continued 

25-JUI-90 

200.0 

■0/L 

202.000 

fig/L 

101.00 

2S-JUI-90 

50.0 

ns/L 

40.200 

ng/L 

96.40 

26-Jul-« 

200.0 

eg/t 

202.000 

ng/L 

101.00 

26-Jul-90 

5.000 

««5/L 

5. ISO 

ng/L 

103.60 

26-JUI-90 

5.000 

ng/t 

5.210 

mg/L 

104.20 

26-JUI-90 

50.0 

ng/L 

47.000 

ng/L 

94.00 

26-JUI-90 

50.0 

ng/L 

49.200 

ng/L 

98.40 

09-0et-<50 

50.0 

itg/t 

49.500 

ng/L 

99.00 

09-0ct-90 

200.0 

mg/L 

192.000 

n./L 

96.00 

09-0ct-90 

50.0 

■g/L 

50.200 

ng/L 

100.40 

Typ.  of  Control 

S«rpl.:  L*bor«tory  Control  Sanplc. 

24-JUI-90 

15700.0 

ng/rg 

16900.000 

ng/tg 

107.64 

2i-Jul-90 

10.0 

«g/t 

10.200 

ng/L 

102.00 

Nunber  of  Sarblea  ■  79  Mean  X  8»cov«ry  ■  101.0  CV  (X)  *  3.4 


M«thod:  ICP  M«tala  by  SU6010 
Matrix:  Solid 
AAalytt:  Laad 

Typa  of  Control  Sampla:  Calibration  Control  Sarnpla. 


21-n«y-90 

5.000 

ng/L 

5.160  og/L 

103.20 

21-X»v-90 

5.000 

ng/L 

5.150  «ig/L 

103.00 

23-N«v-90 

5.000 

•S'L 

5.070  ng/L 

101.40 

23-«*r-90 

5.000 

•0/L 

5.460  ng/L 

109.20 

28-f(ay-90 

5.000 

ng/L 

5.150  «g/L 

103.00 

28 -Hay- 90 

5.000 

ng/l 

4.900  mg/L 

98.00 

29-8iy-90 

5.000 

■9/1 

4.62C  ing/C 

92.40 

29-Niy-90 

5.000 

"J/L 

4.750 

95.00 

29-«»y-90 

5.000 

•0/L 

4.730  wj/L 

94.60 

29-«»y-90 

5.000 

ng/L 

4.&20  ing/L 

96.40 

29-t<*y-90 

5.000 

ng/L 

4. £60  ng/L 

97.20 

29-H.y-90 

5.000 

ng/L 

4.590  rtg/l 

97.M 

29-t<ay-90 

5.000 

mg/L 

4.760  ng/L 

95.20 

mva-xsvsxsvawaassytsaxvassvssanaswawswscssvBsaaaaam  £  *ami 
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Tabl«  f4  (Continued) 


X 

Hecovery 


Hethod!  ICP  Menu  by  SUSOlO 
Matrix:  Solid 
Analytt:  Lead 

Typ*  of  Control  SwU:  Calibration  Control  Sarplx.  continued 


SI-Moy-PO 

5.000 

ng/L 

5.110  ng/L 

102.20 

31-May-yO 

5.000 

ng/L 

5.Q&0  ing/L 

101.20 

01-Jm-9O 

5.000 

"S/L 

5.100  ng/L 

102,00 

01-Jun-90 

5.000 

®0/L 

5.070  ng/L 

101  40 

01-Jvn-90 

5.000 

mg/L 

5.120  ng/L 

102.40 

02-Jtr-9Q 

5.000 

ns/L 

4.960  ng/L 

99.20 

02-JLX1-9O 

5. 000 

mg/L 

4.940  ng/L 

98.80 

02*  JtxT*9Q 

5.000 

ng/L 

4.990  ng/L 

99.80 

03- Jvjt9Q 

5.000 

ng/L 

5.120  mg/L 

102.40 

03-Jixi-‘JO 

5.000 

ing/L 

5.060  ng/L 

101.23 

03-JIX1-9Q 

5.000 

mg/L 

5.030  ng/L 

100.60 

03-Jvjt90 

5.000 

"g/t 

5.050  mg/L 

101.00 

H-Jun-90 

5.000 

mg/l. 

5,050  ng/L 

101.00 

1*-Jut90 

5.000 

■g/i. 

4,900  mg/L 

98.00 

17-Jm-90 

5.000 

ag/l. 

5.060  ng/L 

101.20 

17-Ji.n-90 

5.000 

*g/l 

4.910  ng/l 

98.20 

19-Jin-90 

5.000 

ng/U 

5.100  mg/L 

102.00 

19-Jun-90 

5.0C0 

nj/L 

5.060  ng/L 

101.20 

19-Jun-90 

5.000 

a^g/U 

5.170  ng/L 

103.40 

19-Jm-90 

5.000 

■g/L 

5.130  ng/L 

102.60 

19-Jtr-90 

5.000 

ng/L 

5.110  ng/L 

102.20 

19-Jtxi-90 

5.000 

ng/l 

5.150  ng/L 

103.00 

20-Jin-90 

5.000 

«g/L 

5.120  mg/L 

102.40 

20-Jun-9O 

5.000 

ng/L 

3.110  ng/L 

102.20 

21-Jcr-90 

5.000 

ng/L 

5.160  mg/L 

103.20 

21- Jen- 90 

5.000 

ng/L 

5.170  ng/L 

103.40 

25-Jm-90 

5.0CO 

ng/L 

5.210  mg/L 

104.20 

25- Jin- 90 

5.000 

ng/L 

5,360  mg/L 

107.20 

ll-Jul-90 

5,000 

«g/L 

5.130  mg/L 

102.60 

ll-Jul-90 

5.000 

ng/L 

5.150  mg/L 

103.00 

12-JUI-90 

5.000 

ng/L 

5.030  mg/L 

100.60 

I2-Jul-90 

5.000 

ng/L 

5.130  ng/L 

102.60 

12-Jul-90 

5.0CO 

ng/L 

5.110  ng/L 

102.20 

12-JUI-90 

5.000 

•g/L 

5.120  ng/L 

102.40 

12-JUI-90 

5.000 

»g/L 

5.220  mg/L 

104.40 

12-Jul-90 

5.000 

■g/L 

5.500  mg/L 

110.00 

12-JUI-90 

5.000 

ng/L 

5.430  ng/L 

108.60 

i2-Jul-90 

5.000 

ng/L 

5.490  mq/L 

109.80 

(Continued) 
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Table  F4  (Continued) 


Mtthod:  ICP  M«t«U  by  SU6010 
Matrix:  Solid 
Analyte:  Lead 

Type  of  Control  Saexsle:  Calibration  Control  Sarrola.  continued 


13-Jul-90 

S.OOO 

■0/1. 

5.230  xg/L 

104.40 

13- Jut-90 

S.OOO 

"O/L 

5.110  xg/L 

102.20 

17-JUI-90 

S.OOO 

"9/1. 

5.170  .xg/L 

103.40 

17-JUI-90 

S.OOO 

mo/L 

5.270  mg/L 

105.40 

17-Jut-90 

S.OOO 

mg/L 

5.190  xg/L 

103.40 

17- Jut-90 

S.OOO 

mg/L 

5.130  «g/L 

102.40 

24-Jut-90 

S.OOO 

ng/L 

5.200  xg/L 

104.00 

24-Jut-90 

10.0 

ng/l 

10.100  xg/L 

101.00 

24-Jut-90 

S.OOO 

mg/L 

4.490  xg/L 

97.40 

24-Jut-9Q 

5.000 

mg/U 

5.010  xg/L 

100.20 

24- Jut  90 

S.OOO 

i"g/L 

4.990  ag/L 

99.50 

23-Jut-90 

10.0 

ng/L 

10.100  xg/L 

101.00 

2S-Jut-90 

S.OOO 

ng/L 

4.440  xg/L 

97.40 

25-Jut-90 

S.OOO 

ng/L 

5.020  xg/L 

100.40 

25-JUI-7Q 

S.OOO 

ng/L 

5.170  xg/L 

103.40 

25-Jut-90 

5.000 

xg/L 

5.110  xg/L 

102.20 

24-Jut-9Q 

10.0 

xg/L 

10.100  xg/L 

101.00 

24- Jut-90 

5.000 

xg/L 

5.090  xg/L 

101.40 

24- Jut-90 

5.000 

xg/L 

5.270  xg/L 

105.40 

24- Jut -90 

5.000 

xg/L 

5.170  ag/L 

103.40 

24- Jut-90 

S.OOO 

•g/L 

5.240  ng/L 

105.40 

27-Aug-90 

5.000 

xg/L 

4.440  m/L 

97.40 

27-*ug-90 

5.000 

Big/L 

4.910  xg/L 

94.20 

27-4U9-90 

10.0 

xg/L 

9.940  xg/L 

99.40 

27-AU9-90 

S.OOO 

«^/L 

4.770  xg/L 

95.40 

03-Oct-90 

10.0 

xg/L 

9.950  xg/L 

99.50 

oa-oct-90 

S.OOO 

xg/L 

5.240  xg/L 

105.20 

04-0:1-90 

5.000 

xg/L 

5.110  xg/L 

102.20 

oa-oct-90 

5.000 

xg/L 

5.370  xg/L 

107.40 

Type  of  Cceitrot 

24-Jut-90 

Sample:  Laboratory  Ccntrot  Sample. 

117.0 

xg/Lg 

107. OCO  xg/Lg 

91.45 

24- Jut -90 

1.000 

xg/L 

0.940  xg/L 

95.00 

MuToer  of  S^roles  *  32  Mean  X  Secovery  »  101.5 

CV  (Z)  ■ 

3.5 

(Continued) 


Table  r4  (Continued) 


Data 


True 

Value 


Measured 

Valv>e 


X 

Recovery 


Hethoa;  ICP  Metals  6y  SUjOlO 
Matrix:  Solid 
analyte:  nickel 

Type  of  Control  Sarola:  Calibraticn  Control  Sfttole. 

21-May-90 

21-May-90 

23-May-90 

23-May-90 

2a-MBy-90 

2S-May-9fl 

29-May-90 

29'May-90 

29-May.90 

29-M«y-90 

29-May-90 

29-May-90 

29-Mty-9Q 

31-May-90 

31-May-9Q 

01-Jvn-90 

Ql-Jun-90 

ai-Jun-90 

O1-,'ui-00 

02-Jun-90 

02-Jiri-9O 

02-Jin-90 

03-Jin-90 

U3-Jvn-90 

03- Jin-90 

03-Jut  90 

U-jLin-90 

14-Jiut90 

17-Ji.n-9Q 

17- JUT  90 

19-JU1-90 

19-JU1-90 

19-JU1-90 

19-Jun-90 

19-  JV.-I-90 

20-  Jun-90 

20- JU1-90 

21-  Jun-90 


5.000 

na/L 

5.070  "9/1 

101.40 

5.000 

i"0/L 

5.100  mg/l 

102.00 

5.000 

*9/'- 

5.160  "9/1 

103.20 

5.  COO 

leO/L 

5.520  "5/1 

110.40 

5.000 

mg/L 

4.990  "9/1 

99.80 

5.000 

ing/t. 

5.050  mg/L 

101.00 

5.000 

ng/l. 

4.750  "9/1 

95.00 

5.000 

"S/t 

4.700  mg/L 

94.00 

5.000 

mg/L 

4.7S0  "9/L 

95.60 

5.000 

i"9/l. 

4.580  "9/1 

91.60 

5.000 

mg/L 

4.700  "9/1 

04.00 

5.000 

nS/L 

4.700  "9/1 

94.00 

5.000 

mg/l. 

4.840  mo/L 

96.80 

5.000 

ng/L 

5.040  "9/L 

100.80 

5.000 

ng/t 

5.080  "9/L 

101.60 

5.000 

>^/L 

5.070  "g/L 

101.40 

3.000 

5.090  "g/L 

101.80 

5.000 

mg/L 

5.050  mg/l 

101.00 

5.000 

"9/1. 

5.120  "9/1 

102.40 

5.000 

B9/L 

5.150  "9/1 

103.00 

5.000 

««5/L 

3.080  "9/1 

101.60 

5.  COO 

"9/1. 

4.9fO  n^/l 

99.60 

5.000 

i"g/L 

5.040  "9/1 

100.80 

5.000 

"9/1. 

5.240  ng/l 

104.80 

5.000 

"9/L 

5,250  "9/1 

105.00 

5.000 

"g/l 

5.220  "9/1 

104.40 

5.000 

"g/L 

4. 380  rrq/L 

97.60 

5.000 

"g/l 

5.010  mn/i 

100.20 

5.000 

"9/1 

4,920  "g/L 

98.40 

5.000 

"g/l 

5.010  "q/L 

100.20 

5.000 

"g/l 

5.150  "g/L 

103.00 

5.000 

"9/1 

5.130  "9/L 

102.60 

5.000 

"9/1 

5.040  "g/l 

100.80 

5.000 

"9/1 

5.110  "9/L 

102.20 

5.000 

ng/l 

5.000  »^/L 

100.00 

5.000 

"g/l 

5.110  mg/L 

102.20 

5.000 

"9/1 

5.090  "g/L 

101.80 

5.000 

ng/L 

5.050  mg/L 

101.00 

s*9asaaxi«sss.'rs 


**•»»»*» 


**a«»rT«**«aa*assi 


(Continued) 
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Table  T4  (Continued) 


0«t* 

Tru« 

Vatut 

Det 

FUg 

Neetured 

Value 

r 

te'.wve’  - 

Method:  ItP  M«til«  by  SU6010 

Matrii:  Solid 

Anaiyts:  Nickel 

Type  0/  Control  Senpl*:  Calibntltn  Control  Sorole. 

continued 

21-Jun-?0 

5.000  ne/t. 

5.010  ■ /L 

u: 

ZS-Jtn-W 

S.OOO  jno/L 

S.uo  r-,,1 

\^.rC 

25-Juri-90 

S.OOO  ng/L 

5.220  rK/L 

12-JUI-90 

5.000  ng/L 

5.00  r-.,i 

-.e 

12-JUI-90 

5.000  mg/L 

5.120  ng'L 

12-JUI-90 

S.OOO  mg/L 

5.(10  ng/L 

*  .* 

12-Jul-M 

S.OCO  mg/L 

5.000  «g/L 

12-JUI-90 

5.000  «Mr/t 

S.uo  ng/L 

■  'd.OO 

12-Jul-'W 

5.000  e-i/L 

5.040  tg/L 

,10.00 

12-Jul-OO 

5.000  mg/L 

5.400  nc/L 

100.00 

12-JUI-90 

5.000  ng/L 

5.120  jg/L 

102.40 

17-Jul-90 

5.000  mg/t 

4.710  ng/L 

90.20 

17-JUI-90 

5.000  ng/L 

5.070  ng/L 

101.40 

17-JUI-90 

S.OOO  ng/l. 

5.040  ng/L 

100.80 

17-JUI-90 

5.00C  ng/L 

5.120  ig/L 

102.40 

2*-Jul-W 

5.000  ng/L 

5.200  ng/L 

1C4.00 

24-Jul-bO 

5.000  ng/l. 

5.200  ng/L 

IW.OO 

2<l-Jul-90 

S.OOO  ng/L 

4.930  ng/L 

98.60 

2*-Jul-90 

5.000  ng/L 

4.9S0  ng/L 

99.60 

24-JUI-90 

10.0  ng/L 

10.100  ng/L 

101.00 

2S-JUI-90 

10.0  ng/L 

10.100  ng/L 

101.00 

2S-Jul-90 

S.OOO  ng/L 

4.990  ng/L 

99.80 

2S-JUI-90 

5.000  ng/L 

4.030  ng/L 

94.60 

2S-JUI-90 

5.000  ng/L 

5.000  ng/L 

101.60 

25-Jul-(j 

5.000  ng/L 

5.130  ig/L 

102.60 

26-JUI-90 

5.000  nj/t 

4.970  ng/L 

99.40 

25-JUI-90 

10.0  mg/L 

10.100  ng/L 

101.00 

26-Jul-90 

5.0C0  ng/L 

5.120  ng/L 

102.40 

26-JUI-90 

5.000  ng/L 

5.170  ng/L 

103.40 

26-JUI-90 

S.OOO  mg/L 

5.100  nj/L 

103.60 

oa-oct-90 

5.000  mg/L 

5.350  ig/L 

107.00 

03-0ct-90 

5.000  ng/L 

5.000  ng/L 

101.60 

oa*oct-9o 

5.000  ng/L 

5.180  ng/L 

103.60 

oa-oct-90 

10.0  ng/L 

9. WO  ng/L 

99.40 

(Continued) 


Table  F4  (Continued) 


,,iia„*aa»*ii*««*a»****aa*m«si»-*a»»»»aa»*»**3a******»**  ■**•■*»«***»»***»«»***»»«**»*«»*********■*  “■**■*•■•• 


Tru« 

Det 

Measured 

X 

Date 

Value 

Fli& 

Value 

Recovery 

xethod:  1C?  Kttili  by  SUtOlO 

Matrii:  Solid 

Arwilyt*:  Nickal 

Type  of  Control  Sjmole:  Laboratory  Control 

Sarote.  continued 

Type  of  Control  Safflola;  Laboratory  Control 

$«role. 

24-JUI-90 

225.0  rtj/ng 

154.000  mg/tg 

31.78 

J4-JUI-90 

1.000  inj/L 

1.000  mg/L 

100. OP 

NUTcer  of  Sarrpiea  x  7C 

Mean  X  Recovery  » 

101.0 

CV  (S)  • 

4.1 

NethoO:  1C?  y»tal»  by  SU6010 

Matrix:  Solid 

analyte:  Silver 

Type  of  Control  Samola:  Calibration  Control 

Sarnole. 

27-aug-90 

5.000  fng/t 

4. 550  mg/L 

97.60 

27-auq-90 

10.0  mg/L 

9.590  mg/L 

98.90 

27'au9-M 

5.000  mg/L 

4.520  mg/L 

96.40 

27-aog-90 

5.000  »i3/t. 

4,560  mg/L 

97.20 

Mvjre«r  of  SArrc^es  •  4 

Mean  X  Recovery  * 

97.5 

CV  (S)  • 

1.1 

s«sss«««caa«a«a«««s'«msaa«x«as««s«s«sa«3ass««»asx«sss»«s«c«s3«s«as«a««s»sxs94sssxsssss«s«xs*ss«ss: 

H«thod:  ICP  Petit*  by  Sy6010 


Matrix:  TREATED 

Analyte:  Sario* 

Type  of  Control  Samole: 

W-Seo-90 

Calibration  Control  Sarcle. 

5.000 

mg/L 

5.050  mg/L 

101.00 

04-?eo-90 

5.000 

mg/l 

5.040  mg/L 

100.50 

OA-Seo'^O 

10.0 

mg/L 

9.V40  mg/L 

99. AO 

04-Seo-90 

5.000 

mg/L 

4.590  mg/L 

97.50 

a3-0et-90 

10.0 

mg/L 

9.520  mg/l 

98,20 

03-0ct-90 

5.000 

mg/L 

A. 960  mg/l 

09.20 

03-0ct-90 

5-000 

mg/L 

5.CA0  mg/t 

100. SO 

03-Oct-9O 

5. COO 

mg/L 

5.030  mg/l 

100.60 

(Continued) 


Table  F4  (Continued) 


True 

Value 


Det 

Fte9 


Xeesured 

Value 


X 

Recovery 


Nethod:  ICP  Metali  by  SU6010 
Matrix:  TREATED 
Analyte:  Sariu* 

Type  of  Control  Sanplt:  Calibration  Control  S«TDie.  contirued 
03-0ct-90  5.000  r9/L 

Type  of  Control  Sarclt;  Laboracorr  Control  Sanole. 

03-Oct-9O  1.000  ms/t. 


4. 870  ni/l 


I.OZO  ng/l 


Nusoar  of  Samola*  «  10  Kean  X  Secovary  «  99.7 


97.40 


102.00 


CV  (X)  « 


1.6 


XathodT  ICP  Xatali  by  Su6010 
Matrix:  7«E*TED 
Analyte;  Cadniua 

Tyre  of  Control  Samola:  Calibration  Control  S^rpie. 

OA-Seo-90 

04-S«p-90 

04-S«p-90 

04-Sep-90 

03-0ef90 

03-Oet-9O 

03-0et-90 

03-Oet-90 

03-aet-90 

Type  of  Control  Janpla:  Laboratory  Control  Sa^lt. 
03-Oet-90 


S.OOO  ng/L 

4.980  mg/L 

99.60 

10.0  mg/L 

9.950  mg/L 

99.50 

5.000  mg/l 

4.850  mg/L 

97.00 

5.000  «ig/L 

4.860  mg/L 

97.20 

5.000  mg/i 

4.650  mg/l 

93.00 

5.000  mg/L 

4.610  mg/l 

92.20 

IC.O  mg/L 

9.830  mg/l 

98.30 

5.000  ng/L 

4.580  mg/l 

91.60 

5.000  eg/L 

4.610  mg/l 

92.20 

1.000  irg/l 

1.020  mg/l 

102.00 

acraoer  of  Sarpita  a  10 


Mean  X  Hecovery 


M.J 


CV  (X) 


3.9 


(Contiixjed) 
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Table  f4  (Continued) 


„*****»»*«■*»»*»»*»•’ 


Date 


»**«»»»■«»***••»  **»*^-*'* 


True 

Value 


»*****»*•■«*»»**»•■* 


Oat  aaasured 
Flaq  value 


X 

*«ov«ry 


Hethod:  1C?  Natila  b/  SU4010 
Nitrix:  TSEATEO 
Analyts:  Chromiua 


Type  of  Ccaitrol  S«>ela:  Calibration  Control  Sarple, 


Oi-Seo-90 

04-S«>-9Q 

OA-S»-<» 

19-SK>-'» 

l^-Seo-W 

l^-Eec-W 

19-S«>-9<J 

l9-Seo-‘W 

19-S»0-'M 

T9-S«>-90 

19-5»o-‘W 

19-Seo-90 

19-Srt>-‘M 

26-S«i-'W 

26-Sao-W 

26- Sen- 90 

26- See- 90 

26-Sap- 90 

26-S«P-90 

26- Sap- 90 

26-5*0-90 

26-Seo-90 

26-5*0-90 

26-5*0-90 

28-5*0-90 

28-5*0-90 

28-5*0-90 

28-5*0-90 

03-0et-90 

03-0et-90 

03-Oct-90 

03-0ct-90 

03-0ct-90 

03-Oet-9O 

03-0tf90 

03-0et-90 

03-0ct-90 


5.000 

*9/1 

10.0 

*9/1 

5.000 

*9/1 

10.0 

*9/1 

5.000 

*9/1 

5.000 

"9/1. 

10.0 

"9/1 

$.000 

*9/1 

5.000 

*9/1 

5.000 

*9/1 

5.000 

"9/1 

5.000 

mg/l 

5.000 

•9/1 

5.000 

*9/1 

5.000 

•9/L 

5.000 

*9/1 

10.0 

mg/t 

S.OOO 

*9/1 

5.000 

»9/L 

$.000 

*9/1 

10.0 

•9/U 

5.000 

*9/1 

5.oeo 

mg/l 

5.000 

mg/l 

5.000 

*9/1 

10.0 

*9/1 

5.000 

mg/l 

5.000 

mg/l 

5.000 

mg/l 

5.000 

mg/l 

5.000 

im;/l 

5.000 

mg/l 

5.000 

*9/1 

5.000 

mg/l 

10.0 

•9/1 

5.000 

*9/1 

10.0 

mg/l 

5.080  mo/l. 
9.950  mo/L 
4.970  i*9/L 
10.000  Tio/L 
5.0S0  B*}/L 
5.060  *18/1. 
10.000  1*9/1. 
5.110  ng/t. 

5.200  mg/L 
5.330  i*g/L 
4.970  mg/L 
5.070  mg/l 
5.030  *ig/L 
5.190  ap/l 
5.170  leg/L 
5.090  ««j/t 

10.200  «9/l 
5.140  ng/l. 
5.160  *9/t 
5.040  1*9/1 
9.920  mg/l 
5.090  «ig/l 
5.120  tig/l 
5.080  mg/l 
4.860  mg/l 

10.000  mg/l 
4.820  mg/l 
4.660  mg/l 
5.040  mg/l 
5.070  mg/t 
5.000  mg/l 
4.970  mg/L 
5.080  1*9/1 
4.940  mg/l 
10.000  mg/l 
5.000  .*9/1 
9.900  *9/1 


101.60 

99.50 

99.40 
100.00 
101.60 
101.20 
100.00 
102.20 
104.00 
106.60 

99.40 

101.40 
100.60 

103.80 

103.40 

101.80 
102.00 
102.80 
103.20 
100.80 

99.20 
101.80 

102.40 
101.60 

97.20 
100.00 

99.64 

93.20 

100. 50 

101.40 
100.00 

99.40 

101.60 

98.80 

100.00 

100.00 

99.00 


(Continued) 


Table  F4  (Continued) 


ss33aKsxa3nx«x3ass«3sas*«**sa>s«««**«ais«a*««««« 


Tru* 

Oft 

■eayured 

X 

0«tt 

Value 

Flae 

Valu« 

Sacovery 

»i«thod:  IC?  M«ta(s  by  SU6010 

Hatrix:  T8EATED 

Analytt:  Chroniun 

Type  of  Control  Sareple:  Calibration  Control  SartJla. 

contlrued 

03-0ct-90 

5.000 

icj/L 

4.950  ng/L 

99.00 

03-Oet-90 

5.000 

i>a/L 

4.940  mg/l 

98.30 

04-0ct-90 

5.000 

mo/L 

5. CIO  ng/L 

i 

rj 

o 

tK-Oet-90 

5.000 

mo/L 

5.020  aig/L 

100.40 

04-0ct-90 

5.000 

no/t 

4.950  m/L 

99.00 

0A-O:t-90 

10.0 

n«/L 

9.940  aig/L 

99.60 

0*-0et-90 

1.000 

"O/L 

1.010  mg/L 

101.00 

Typ*  of  Control  Sarxil*:  Laboratory  Control 

Samolt. 

lV-Sao-90 

0.200 

«9/L 

0.194  aig/L 

97.00 

24-Seo-90 

1.000 

mO/L 

0.940  leg/l. 

94.00 

24-S»O-90 

47.0 

ing/tg 

63.500  mg/Kg 

94.78 

24-5n>-9Q 

0.500 

M«/L 

0.^66  ng/l 

97.20 

28-S«)-90 

1.000 

»gyL 

0.A56  ng/t 

85.40 

28-S«>-‘M 

47.0 

»e/Kg 

57.000  ing/kg 

85.07 

03-Oct*90 

67.0 

mQ/L 

47.100  mg/l 

100.15 

OJ-Oct-W 

1.000 

fng/L 

1.030  <^/L 

103.00 

aijroar  of  Sanolaa  •  52 

«#an  X  ttcovtry  « 

99.7 

CV  (X)  • 

3.8 

Natfiod:  1CJ>  Xatala  try  SubOlO 
■  atria:  TtMTcO 

Analytt:  Cbromim  vl 

Type  of  Control  Sancle:  Calibration  Cwitrol 

Sarnola. 

24-S«i-90 

10.0 

■9/1. 

10.200  eg/l 

102.00 

of  Sarxslea  •  1 

X  tifcovery  ■ 

102.0 

CV  (X>  • 

(Continued) 
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Date 


Table  F4  (Continued) 

True  Dec  Measured  X 

Value  flea  Value  Recovery 


Nachod:  ICP  Metals  try  SUMIO 
Matrix;  TSEATHO 
Analyte:  Iren 

Type  of  Control  Sarole:  Calibration  Control  Carole. 


04-sao-90 

SO.O  loi/l 

49.200  mg/L 

98.40 

04-Sat)-»0 

50.0  ms/L 

48.600  mg/L 

97.20 

0A-5eo-90 

200.0  ng/L 

195.000  mg/L 

97.50 

OA-Sao’vO 

50.0  mg/L 

48.100  mg/L 

96.20 

19-Seo-90 

50,0  ng/L 

50.200  mg/L 

100.40 

19-Sap-« 

iiO.')  arg/L 

50.000  i»g/L 

100.00 

19-Sap- 90 

50.0  ng/L 

49.500  mg/L 

99.60 

19-Sep-90 

200.0  leg/L 

199.000  mg/L 

99.50 

19-Sep-9Q 

50.0  s<g/L 

49.000  mg/L 

98.00 

19-Sap- 90 

SO.O  ng/t 

49.900  mg/L 

99.80 

20-Sao-90 

50.0  ng/L 

48.200  mg/L 

96.40 

20-Sao-90 

50.0  mg/L 

49.900  mg/L 

99.80 

20-Sao-90 

50.0  ng/L 

49.000  ng/L 

98.00 

20- Sap-90 

200.0  ng/L 

199.000  mg/L 

99.50 

2Q-Sap-90 

50.0  ng/L 

49.8C0  ng/L 

99.60 

20-Sa3-90 

50.0  mg/L 

50.200  mg/L 

100.40 

24-$ao-90 

20C.0  ng/L 

204.000  mg/L 

102.00 

24-Sap- 90 

50.0  ng/L 

50.300  mg/L 

100.60 

24-Sao-90 

50.0  mg/L 

49.200  ng/L 

98.40 

24-Sap- 90 

50.0  ng/L 

49,400  ng/L 

98.80 

24-Sap- 90 

50.0  mg/L 

49.900  rg/L 

99..X 

24-Sap- 90 

50.0  ng/L 

49.400  ng/l 

99.20 

28-5ap-90 

50.0  mg/L 

47.600  ng/l 

95.20 

2a-Sao-90 

200.0  atg/L 

200.000  mg/l 

100.00 

2a-5ap-90 

50.0  ng/L 

48.300  ag/l 

96,60 

28-Sao-90 

50.0  mg/L 

47.500  mg/l 

95.00 

01-Oet-90 

200.0  ng/L 

193.000  mg/l 

96.50 

O1-0et-90 

50.0  ng/L 

48,700  ng/l 

97.40 

01-0et-90 

50.0  ng/L 

48.400  mg/l 

96.60 

01-Oet-9O 

50.0  ng/L 

47.700  ng/l 

95.40 

03-0ct-90 

50.0  ng/L 

48.900  mg/L 

97.80 

03-0:t-90 

50.0  ng/L 

48.800  ag/l. 

97.60 

03-0ct-90 

200.0  ng/L 

201 . 000  mg  L 

100.50 

03-Oct-9O 

50.0  ng/L 

49.600  mrj/L 

99.20 

Q3-Oct-90 

50.0  ng/L 

50.100  'eg/L 

100.20 

03-0et-90 

200.0  ng/L 

195.000  mg/L 

97.50 

03-0ct-90 

50.0  mg/L 

40.000  mg/L 

98.00 

(Continued) 
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Table  FA  (Conti.iued; 

True  Bet  Measured 

value  Flas  value 


X 

Recovery 


Metftod:  ICP  Metals  b/  SU601Q 
Matrix:  TREATED 
Analyte:  Leaa 

Type  of  Control  S»:oie:  Calibration  Control  Sarole.  continued 


li  Seo-dO 

19-Seo-'W 

2i-Seo-9Q 

26-Seo-90 

26-503-90 

26-Seo-9Q 

26-Seo-90 

2a-Sep-90 

26-5eo-90 

2a-Seo-90 

OT-Oct-90 

OT-Oct-90 

OT-Oet-90 

OT-Ocl-90 

03-0ct-90 

03-0ct-90 

03-0ct-90 

03-0et-90 

03-0ct-90 

a3-Oct-90 

03-0et-90 

03-Oct-9O 

03-0et-90 

03-0et-90 

03-i>:t-9O 

03-0et-90 

03-0cf90 

OA-OCt-90 

OA-OCt-90 

W-OCt-90 

W-Oet-90 

Type  of  Ccntr,'  Sarcle:  laboratory  Control  Sanple. 

26-Seo-90 

26-Seo-90 

28-5eo-90 

2a-S«i-90 


5.000  a 
10.0  a 
10.0  n 
5.000 
5.000 
5.000 
5.000 
5.000 
5.000 
5.000 
5.000 
5.000 
5.000 
10.0 
5.000 
5.000 
5.000 
10.0 
5.000 
5. COO 
5.000 
10.0 
5.000 
10.0 
5.000 
5.000 
5.000 
10.0 
5.000 
5.000 
5.000 


5.380  rnS/L 

9.990  a>9/l- 
10.100  ed/FB 

5.450  inJ/L 
5.290  «^/L 
5.«0  »M)/L 
5.4*0  m9/l 

5.100  av/l 

5.310  rng/l 

4.990  mj/l 
4.820  a«3/l 
4.740  r^/l 
4.820  m9/l 

10.100  nt/l 
4.720  lag/L 
4.650  mg/l 
4.770  mg/L 
9.930  ng/l 
4.700  irg/l 

4.750  rngfl 
4.710  IW3/1 

10.000  mg/l 
4.720  mg/ I 

9.750  n/s/l 
5.170  am/l 
5.080  mg/l 
5.150  nsR/l 
9,890  rsj/l 
5.340  itg/l 
5.490  mg/l 
5.200  mg/l 


107.60 

99.90 

101.00 

109.00 

105.80 

108. ao 

109.20 
102.00 

106.20 

99.80 
96.40 

94.80 

96.40 
101.00 

94.40 
93.00 

95.40 
99.30 

95.60 
95.00 
94.20 
100.00 

94.40 
97.50 

103.40 

101.60 
103.00 

98.90 

106.80 
109.60 
104.00 


1.000 

mg/l 

0.908  mg/l 

90.80 

117.0 

ITSJ/Aq 

116.000  mq/tg 

99.15 

1.000 

mC/L 

0.373  r«)/l 

87.30 

117.0 

mg/rt, 

108.000  mq/kq 

92.31 

:«MVStS******^** 
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Oitr 


Tru*  0«t  Hmured  X 

v»lij«  rus  VslLie  HKCvery 


K«tt!eia:  ICP  by  Sy6010 

HEATED 
Analyte:  Lead 

Type  ot  Control  Sexole:  Ltboratory  Control  Sancie.  continued 


03-0ct-90 

03-0et-90 

03-Oet-90 

117.0 

1.C00  wv/l 

0.500  liQ/L 

123.000  ™g/L 

1.050  ng/L 
0.477  ng/l 

105.13 

105.00 

95.40 

XLznoar  oT  Sarrplei  a  C9 

Mean  X  Becovery  “»  101.0 

CV  (X>  a 

5.7 

Xatfiod:  ICP  xetelt  by  SU6010 
Matriz:  HEATED 
Analyte:  aicZel 


Type  oT  Control  Sample:  Calibration  Control  Sarpla. 

M-Sao-'M 

04- See- 90 

OA-S»o-90 

04-Seo-90 

19-Seo-90 

19-Sep-90 

19-Seo-<50 

19-Seo-90 

19-<eo-90 

19-S«o-90 

19-S«>-90 

19-$e<J-90 

19-5ep-90 

J6-Seo-90 

26- Sep- 90 

26-Seo-90 

26-Seo-90 

26- See- 90 

26-S«j-90 

28- Sep- 90 

2a-Seo-90 

28-Sep-90 

28-Seo-90 

01-0ct-90 

01-Cct-9O 


S .  000  mg/  L 

4.930  eig/L 

98.60 

5.0CO  ng/t 

5.040  ag/L 

100.80 

10.0  *0/1 

10.100  Bg/L 

100. tSQ 

S.OOO  ag/t 

4.950  mg/L 

99.00 

5.0CO  ag/l 

5.270  aq/L 

105.40 

10.0  mq/l 

10.000  bq/L 

100.00 

5.000  wq/i 

5.350  Bg/L 

107.00 

5, COO  ng/L 

5.330  nq/l 

106.60 

5.000  «g/t 

5.430  ng/L 

108.60 

5.000  tuj/i 

5.430  mj/l 

108.60 

10.0  ag/t 

10.000  ng/L 

100.00 

5. COO  mg/L 

5.330  iig/L 

107.60 

5.000  ag/l 

5.350  ng/l 

107.00 

5.000  mg/t 

5.U0  peg/l 

108.80 

5.000  f«3/t 

5.410  eg/L 

108.20 

5.000  ag/L 

5.430  ig/L 

108.60 

10.0  ag/L 

10.200  mg/L 

102.00 

5,000  "ig/L 

5.340  ag/L 

106.80 

5.000  mj/i 

5.460  ag/L 

109.20 

5.CC0  r^/l 

4.870  ag/l 

97.40 

10.0  ag/L 

9.980  ag/l 

99.80 

5.CC0  mg/t 

5.170  ag/l 

103.40 

5. COO  «g/L 

5.150  ag/l 

103.00 

10.0  ag/t 

9.760  ag/l 

97.60 

5.CC0  ag/t 

4.750  ag/l 

95,00 

(Continued)  M 
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Table  F4  (Continued) 


ii^^,»»*asa»*»at*»***»«»*«**««aaa»ji**»at**aa*a»a*a«»****m*»»*»*»»*»«**»***»*»*  ■•■*'***•*•*••“***•  ••■••****** 

In*  Oat  Weasured  X 

Data  Value  flag  Value  Recovery 


eathod:  ICP  yetala  by  ?J601Q 
Matrix:  TREATED 
Analyte:  Nickel 


Type  of  Ccntrol 

Sample:  Calibration  Control 

Sarolt.  continued 

OT-Oct-W 

s.oco 

"B/l 

4.700  *9/1 

94.00 

01-0et-90 

5.000 

ng/L 

4.740  ing/l 

94.80 

03-Oct-W 

5.000 

"g/t. 

4.830  *9/1 

96.60 

03-Oet-bO 

5.000 

"9/L 

4.810  ikr/L 

96.20 

03-0cf-90 

10.0 

■ng/l. 

9.890  *9/t 

98.90 

03-Oct-9O 

5.000 

"S/L 

4.860  *9/1- 

97.20 

03-Oet-9Q 

5.000 

•>9/L 

4.850  *9/1 

97.00 

03-Oet-90 

5.000 

mg/t. 

4.800  *9/1. 

96.00 

03-0et-90 

5.000 

aig/L 

4.760  *9/1. 

95.20 

03-Qet-9O 

10.0 

"N/L 

10.000  *9/1. 

100.00 

M-Oct-90 

5.000 

"0/L 

5.460  *9/1. 

109.20 

M-Oef90 

5.000 

"9/L 

5.270  *9/1- 

105.40 

(K-Oet-bO 

5.000 

»0/L 

5.200  ng/L 

104.00 

0*-Oet-90 

10.0 

11:0/ L 

9.830  *9/1 

98.30 

Type  or  Control 

SarTQlc:  Laboratory  Control 

Sanpta. 

26- Sap- VO 

1.000 

afl/C 

0,927  *9/U 

92.70 

26- Sep- 90 

225.0 

"NJ/XS 

194.000  *5/t9 

86.22 

28-Sao-9C 

1.000 

*9/1. 

0.850  *9/1 

85.00 

28-5ep-90 

225.0 

*9/f9 

170.000  *9/k9 

75.56 

01-0et-90 

0.500 

"9/t 

0.487  *9/1 

97.56 

03-0ct-90 

225.0 

"«»/l. 

214.000  *9/1. 

96.00 

a3-Oct-90 

1.000 

ng/l 

1.020  *9/1 

102.00 

of  Samies  •  44 

Naan  X  Racovary  »  100.1 

CV  (I)  • 

6.9 

(Continued) 
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Table  F4  (Continued) 

True 

Value 


Oet  N«i»ur*d 
Ftav  Value 


X 

aeeovery 


Method:  IC?  Metals  trf  SU6010 
Matrix:  TREATED 
Analyte:  Silver 

Type  of  Control  Sarole:  Callbritlon  Control  S«iole. 


04-Sep-90 

10.0 

■9/1 

9.950  mg/L 

99.50 

OA-Sep-90 

5.000 

■9/L 

5.000  aq/L 

100.00 

04-Sep-90 

5.000 

■g/L 

5.110  mg/L 

102.20 

04-Seo-90 

5.000 

■9/L 

4.910  mg/L 

98.20 

03-0ct-90 

5.000 

■9/1 

4.U0  nq/l 

96,40 

03-0ct-90 

5.000 

ng/L 

4.S40  ng/l 

96.80 

03-0ct-90 

10.0 

■9/L 

9.790  siQ/l 

97.90 

03-0et-90 

5.000 

■0/L 

4.740  ng/l 

94.80 

03-0ct-90 

5.000 

■9/1 

4.740  ng/l 

94.80 

Type  of  Control  Sample:  laboratory  Control  Sarople. 


1.000  eq/L 


0.99r  eg/l 


Vur^r  of  Saroies  ■  10 


Mean  X  Recovery  « 


*«*»««■***«« 


Method:  pM  by  ru9«S 
Matrix:  TREATED 
Analyte:  pH 


Type  of  Control  Saople:  Calibrition  Control  Samole. 


19-Sep-oo 
19-Sep-90 
19- Sep- 90 


7.000  pM  units 
7.000  pM  inits 
7.000  pH  inits 


7.099  pH  inits  ’01.41 
7.093  pH  units  101.33 
7.003  pH  mils  100.04 


MuMoer  of  Sarples  •  3 


Mean  X  Recovery 


CV  (1)  • 


(Continued) 
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X 

R*covtry 


Dat9 


Table  F4  (Continued) 

True  D«t  Hetaured 

Value  fU8  Value 


aalhod:  Selaniua  by  M  (£270.2) 
Katrtx:  Solid 
analyte:  Stlenitja 


Type  of  Control  Saiwle;  Calibration  Control  Saiplr. 


27-au8-‘?0 
2T-auj-90 
05-Seo-90 
05- Sep- “M 
OS-S’Op-PQ 


0.050 

arg/l 

0.050 

ms/l- 

0.050 

mS/L 

0.050 

ng/l 

0.050 

nS/L 

0.068  mo/U 

96.00 

0.050  aas/l. 

100.00 

0.047  as/I. 

94.00 

0,047  ns/l. 

94.00 

0.050  as/t. 

100.00 

ameer  of  Satiplea  »  5 


Kean  X  Recovery  •  96. S 


Of  CX)  •  3.1 


Method:  Selenim  try  W  (£270.2) 
Matrix:  TREATED 
Analyte:  Selenim 


Type  of  Control  Senple:  Cilibration  Control  Sa(»cle. 


05-Sep-9O 

0.050 

as/l 

05'Sep-90 

0.050 

a«S/l. 

05-Sep-9Q 

0.050 

eg/l 

16-0ef« 

0.050 

as/ 4 

16-0ef90 

0.050 

"9/t 

0.047 

as/l 

94. 

.00 

0.047 

*0/1 

94, 

.00 

0.050 

«0/L 

100. 

.00 

0.047 

ng/l 

94, 

.20 

0.051 

*0/1 

101 

.40 

Type  of  C»itrot  Sanple:  laboratory  Control  Saraole. 

1A-Oet-90  0.050  »fl/l 

auitier  of  Sarpleo  «  6  Mean  X  Recovery  »  91.5 


0.042  ing/l 


CV  (X)  • 


83.60 


6.6 


(Continued) 


Table  F4  (Continued) 


«**«*Ha**»*»«***ii«*»aa*»**»»*»"*************** 

fu»  D«t  M«tturcd  X 

,lu»  FUg  Vilut  Recovery 


Method:  Oiroow  VI  by  SU7196 
Matrix:  Solid 
Analyte:  Chrenitn  VI 

Type  of  Control  Sample:  Calibreticn  Control  S^rple. 


06-Jul-90 

0.500 

»0/L 

0.490  iig/4 

98.00 

22-JUI-90 

0.300 

mg/L 

0.300  n9/4 

100.00 

24-JUI-90 

0.400 

mg/L 

0.390  «9/4 

97.50 

24-JUI-90 

0.400 

mS/'!. 

0.400  "9/4 

100.00 

Type  of  Control  Semple:  Leboratory  Control  Semple. 

15-aty-90 

0.300 

nj/L 

0.322  "9/4 

107.33 

15-N«y-90 

0.300 

KV/L 

0.312  n9/4 

106.47 

15-a»y-90 

0.300 

»9/L 

0.320  og/L 

104.47 

14-»t«y-90 

O.SOO 

no/L 

0.7S4  iig/4 

98.25 

14-M(y-9a 

O.SOO 

*g/L 

0.793  ng/4 

99.13 

14-«ay-90 

0.300 

■0/L 

0.287  "0/4 

95.47 

14-a»y-90 

0.300 

lag/L 

0.289  mg/L 

94.33 

14-«»y-90 

0.300 

■e/L 

0.289  ng/4 

94.33 

14-Hty-90 

0.300 

■o/t 

0.278  "9/4 

92.67 

14-t<ay-90 

0.300 

l"9/t 

0.292  ng/t 

97.33 

14-»<ay-90 

0.300 

"9/4 

0.2S4  ng/t 

94.67 

14-*<ay90 

0.300 

"9/4 

0.300  ng/L 

100.00 

14-«ty-90 

0.200 

"g/L 

0.200  ag/L 

100.00 

17-»lay90 

0.300 

no/l 

0.299  «g/4 

96.67 

17-a«y90 

0.200 

•O/l 

0.190  "9/4 

95.00 

17-ary  90 

0.300 

«9/L 

0.290  "9/4 

96.47 

17-a#y90 

0.300 

«e/4 

0.301  Bg/4 

94.67 

17-ary  90 

0.30O 

■O/l 

0.290  ng/4 

96.67 

17-aay90 

0.300 

"9/1. 

0.290  "9/4 

96.67 

17-a.y-90 

0.300 

■9/1 

0.290  "9/4 

96.67 

17-a«y-90 

0.300 

■9/1. 

0.290  "9/4 

96.67 

ia-ary90 

0.300 

■9/4 

0.294  "9/4 

90.67 

H-a«y-90 

0.300 

■9/4 

0.292  "9/4 

97.33 

ia-a.y-90 

0.300 

■9/4 

0.204  ng/L 

95.33 

ia-aay90 

0.300 

■9/4 

0.284  "9/4 

95.33 

ia-a»y90 

0.300 

■9/4 

0.292  "9/4 

97.33 

Hvjiter  of  Smrviee  ■  3t 


Meen  X  *»cov«ry  •  98,1 


(Centinu^) 
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Table  F4  (Continued) 


True  Oat  MeMured  X 

Value  Flag  Value  Recovery 


Hethod:  Chrcme  VI  by  SVTIW 
Keirix:  solid 
inelyie:  Chro«iui  VI 

Type  of  Control  Seeple:  Liboretory  Control  Swoie.  contirxjed 

Mthed:  Chreme  VI  by  SV7194 
Netrix:  TREATED 
Analyte:  Cbrcraiua  VI 


Esa  svsvssESsxsMisasxsssazassxssxTiUEJtxaas 


Type  of  Ccntrol  Sample:  Calibration  Control  Saoole. 

E3-Aug-90 

23-Aug-90 

23-AU9-90 

Z3-AUQ-90 

10- S«p-9a 
ia-Seo-90 
n-Sep-90 

11- Sep-90 

11- Seo-90 

12- Sep-90 

12-Sep-90 
12-Seo-90 

12- 509-90 

13- Sep-90 

13-Seo-90 
13-Seo-90 
19-Sop- 90 
19-50P-90 

19-  Sop- 90 

20- 500-90 
20-SOO-90 
25-500-90 
25-SOO-90 
25 -Sop- 90 
27-SOO-90 
27-Sop- 90 
27-Seo-90 
27-SOO-90 
27-500-90 
29-500-90 


0.500  mg/L 

0.511  mg/l 

102.20 

0.500  leg/l 

0.S12  1T19/I 

102. AO 

0.500  mg/L 

0.^5  tng/L 

97.00 

0.500  op/L 

irq/t 

99.60 

0.500  pg/L 

0.503  rQ/l 

100.60 

0.500  mg/L 

0.500  mg/L 

100.06 

0.800  a^/L 

O.WO  mg/L 

105.00 

0.800  mg/1. 

0.320  «rj/L 

102.50 

0.800  ng/L 

O.SOO  ng/L 

100.00 

0.800  mg/L 

O.&jO  tng/L 

103.75 

0.200  mg/I. 

0.210  ng/L 

105.00 

0.800  ng/L 

O.aiO  ng/L 

101.25 

0.800  lag/L 

O.WO  ng/L 

105.00 

0.500  ng/L 

0.519  ng/L 

103.80 

0.500  og/L 

0.520  ng/L 

104.00 

0.500  ng/L 

0.523  ng/L 

104.60 

0.500  mg/L 

0.495  mg/l 

99,00 

0.500  ng/L 

0,49t>  rg/i 

99,20 

0.500  ng/L 

0,497  ng/l 

99.40 

0.800  nj/L 

0.&20  mg/l 

102.50 

0.200  ng/L 

0.2C0  ng/l 

100.00 

0.500  ng/L 

0.506  fnq/L 

101.10 

0.500  ng/L 

0.507  rng/L 

101,36 

0.500  ng/L 

0.503  mg/L 

101.62 

0.500  ng/L 

0.510  ng/l 

102.04 

0.500  ng/L 

0.510  mq/l 

102.04 

0.500  mg/L 

0.517  mq/l 

103.46 

0.500  ng/L 

0,510  mg/l 

102,04 

0.500  irp/L 

0.519  «3/l 

103.86 

0.500  ng/L 

0.523  ng/L 

105,60 

(Continued) 
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Table  F4  (Continued) 


asaaxaaaaaxaxaaaaaxaaaaaaaaaaaaaaaaaaaaaaaa: 

Date 

True 

Value 

Dat 

Flag 

Meaaured 

Value  * 

X 

Recovery 

«*thod:  Chreme  VI  by  SV7196 

Katpix:  TREATED 

Analyte:  ChrontuBi  vl 

Type  of  Control  3erplc:  Calibration  Control 

Sarpie.  continued 

29-Sep-90 

0.300  aq/l. 

0.323  mg/L 

105.00 

Maro>«r  of  Sv^lae  •  31 

Mean  X  Recovery  ■ 

102.1 

CV  (i)  • 

2.1 

*s*>uisa«a«s«aKaxssKaxaaaaas*axa3'3.'xa33xxx«ssxxxasaasasa«««a8«aaaaaaaassx9«xxSBSssxx«KSBa*sa) 

Method;  Sutfate  by  1C  (£300.0) 

Matrix:  Solid 
Vwlyta:  Sulfate 


Type  of  Control 

S«npie:  Calibration  Control 

Sarple. 

IO-Jul-90 

40.0 

IB9/1. 

38.940  mg/L 

97.33 

IO-jul-90 

40.0 

"S/L 

39.040  ng/L 

97.60 

U-Sep-90 

40.0 

as/L 

39.890  mg/U 

99.73 

U-Sep-90 

40.0 

»g/L 

38.820  rng/L 

97.03 

U-Sep-90 

40.0 

"Q/L 

38.720  mg/L 

96.80 

Mumber  of  S^^lea  •  5 

Mean 

X  Recovery  *  97.7 

CV  (X>  • 

1.2 

■■****  ****«**a**^«aa«aaaaaanaaaaaaawaa8saaaaaaa%aaaaaaxaaaaaaaaa9aaaaaaaaaaxaaaaaaa3asaaaaaaaaaaaaaaaaaa-as 


Method;  Sulfate  by  IC  (£300.0) 
Metria:  TSSATEO 
Analyte:  Sulfate 


Type  of  Control  Samle:  Calibration  Control  Samole 

U-Sep-90 

U-S«p-90 

U-£ep-<W 

14-Seo-90 

U-Se<j-90 

U-Sep-90 

14-s»o-90 

14-5ep-90 

2S-Sep-90 

28-Sep-90 


40.0 

«0/L 

38.820 

mg/L 

97.05 

40.0 

•S/t 

39.890 

mg/L 

99.73 

40.0 

"B/L 

38.720 

mg/L 

96.80 

40.0 

snO/L 

38.820 

mg/L 

97.05 

40.0 

r^/t 

38.720 

mg/L 

9i.80 

40.0 

«3/L 

38.720 

mg/L 

96.80 

40.0 

38.820 

mg/L 

97.05 

40.0 

39.890 

mg/L 

99.73 

40.0 

n=/L 

40.010 

ng/L 

100.03 

20.0 

«9/l 

12.95C 

rx/L 

94.90 

I 


(Continued) 
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Dttt 


Table  F4  {Concluded) 

■  .aasssavaMv************ 

tru» 

VAlut 


assaaaaaaaaaaaaaaaaaa^ 

Ott  M«4»urc<1 
FUg  Vatu« 


laaasaaaaaaaaai 

% 

8*cov»ry 


l4«thocl:  Sulfatt  by  1C  (£300.0) 
H«trin:  TREATED 
Anfilyt*:  Sulfatt 


Type  of  Control 

S«nBit:  CiUbritfon  Control 

S^rnplc.  continued 

28-S«)-90 

40.0 

■a/L 

40.370  ins/L 

100.93 

03-0ct-90 

40.0 

■b/l 

37.670  mg/l 

94. IS 

03-0ct-90 

40.0 

nj/L 

37.624  ms/l 

94.06 

03-0ct-90 

40.0 

mg/L 

37.469  mg/t 

93.67 

03-Oet-9Q 

40.0 

■BQ/L 

38.302  mg/t 

95.76 

Humr  of  S«rcles  *  15 

Hean  X  Becovtry  •  97.0 

CV  IX)  • 

2.4 

aaaaaaaaaaaaawaawvnaaaaanaaaaaaaaaaaaaaaaaaaaaaaaas 


aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
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Table  F5 

Simmary  of  Spike  Results.  Frontier  Hard  Chrome 


ttttUtict  calculated  only  for  aamples  uiih  e  valid  recovery. 


SUKHAKt  Of  SCliE  «£SOLIS  fCX  KAtRlK  ■  Solid;  SLtr.Mtrlx 


Stiti*tic»  c.Uuljtcd  only  for  i<Uh  •  »»**<!  '«£<>''«■ 


cecc  eecc 


g  O 

«3  ^  »in 

o  «a 


»»^  w^ 


«  ^ 

^  f^  9- 


“  -  s 

Jt  13 


StftCiiticf  calcutited  only  for  looplct  with  •  valid  racovery. 


F66 


Statittio  calculated  only  for  afctiplat  with  a  valid  recovary. 


01  Si>UE  »ESULTS  fO«  tuIlIX  •  TtEAIfD;  SUiMtrU 


C  S'  ^ 


5  &- 

I 


iP 


I  “  I 


».  m 


ceecKcic  eecic 


«3  »  fS» 

/S4  O  «- 
0>  rsj  ^  O 

^  4/s 


O  ^  — 

<s»  •-  #si  ^ 
n 

^  ^  o 


^o<»OkO>9>  •»os«a 


-<50C^—  >  25:*gj< 

i3fc,'7wo"o— ’i<w34o 

a  1  •<£:  *-  V  — 


StatUticf  caicuittetj  only  for  samples  L’Uh  •  valid  recovery. 


Ii(jrbcr  Hurbcr  Hui^r  lelou  Ntjiixr  Above  (MatrU) 

of  of  H»»n  X  Stenderd  Acceplence  Acceptence  Accepteiice 


ItstUtIcs  calculated  only  for  aanplcf  ulth  •  valid  recovery. 


***^'*^^  itjjtxf  letow  Huit>er  Above 


Stadttlc*  cftlcuietfrd  only  for  with  •  v«(td  recovery. 


Table  F6 


Detailed  Listing  of  Matrix  Soike  Results,  Frontier  Hard  Chroine 


«aiaa*a*aa»*»***i««*****»asa=a»-a*»a*5i«*jia'*^a»m'»»«**a*3*********®*^*************************************®****************' 

Spiked 

SjAple  Sanpte  Spike  X 

Date  Lab  10  Lab  Fraction  Flag  Reault  Reautt  added  Recovery 


Kethod:  Arsenic  by  AA  (E20b.2] 
Matrix:  Solid  Subxetrix:  T 
Spiked  Analyte;  Arsenic 


Type  of  Spike  •  Predigestion  Matrix  Spike. 


27-Aug-90  9CCiaC41  00 


0.00  leg/L 


0.040  mg/L 


u.uou  ng/L 


96.00 


Total  Mtmoer  of  Spikes  •  1 

Nurter  of  Stteples  Used  For  Statistics  *  1 

Mean  X  Recovery  •  96 

Standard  Oeviation  a 


Below  acceptance  •  0 
Above  acceptance  ■  0 
Within  acceptance  •  1 


Method:  Arsenic  by  AA  (E2C6.2) 
Matrix:  TREATED  Sutraatrix:  e/A 
Spiked  Analyte:  Arsenic 


Type  of  Spike  •  Method  Spike  (Into  Btanx). 


04-Sep-90  9008204  1 

06-Sep-90  9008204  0 


0.00  eg/Xg 

0.00  ng/xg 


0.046  mg/Xg 
0.046  mg/Xg 


0.050  mg/Xg 
0.050  mg/Xg 


92.00 

92.00 


Total  MLnaer  of  Spikes  >  2  Below  acceptance  •  0 

MuraDtr  of  Sanples  Used  For  Statistics  •  2  Above  acceptance  •  0 

Mean  X  Recovery  •  92  Within  acceptance  «  2 

Standard  Oeviation  •  .00  Aees'tance  Criteria  75.00  •  125.00 


•nassviraaasa  a  vaa*-*  a  a  ■«««•■••««  as  •••««« 


iBsaaaaaaaaasaaaasaaaaaaaaaaaasasaaBaaaaaaaaa 


Chlortda  by  IC  iE3Q0,0) 
Solid  SLfcrwtrix:  «/A 
Spik»d  Aruilytt:  Chlorido 

Typ«  of  Spike  •  e«crix  spike. 


09-JUI-90 

9007040 

039 

143.0  mg/Xg 

1213.7  »«g/k9 

1273.9 

mg/Xg 

84.05 

09- Jul-90 

9007040 

03C 

143.0  mg/Xg 

1198.7  mg/Kg 

1273.9 

mg/Xg 

32.33 

14-5ep-90 

90M^62 

06A 

243.4  mg/Xg 

26*7.0  ivig/kg 

3500.0 

mg/Xg 

69.67 

14-Sep-90 

900*262 

06C 

243.4  mg/Xg 

2S6A.5  ng/iEQ 

3500. 0 

ng/Xg 

74.36 

Total  kijroer  of  Sptkei  ■  4  Below  ecceotance  *  2 

kienber  of  Serole*  U»«d  Statixt’cs  *  4  Above  iccectanct  a  Q 

sasaaaaaa9Ba3aasaa«aaaaBaaaaaaaaaBaaiaa3aaaaaaaa««aaa«aaaaa«3aaa«aaaaaa«aaaaasaa2aB*3-iszaa«aa«aaaaaaaaaaaaa  BBziiBasiiBBZBa 

Statistics  calculated  only  for  sorcles  witn  a  vslid  recovery.xc:  act  Calculable 
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Table  F6  (Continued) 

waasaaassaaaaaxsa-xaxssa 


Soiked 


SttToia 

Sarcle 

Spike 

X 

Date  lab  10  Lab  Fraction  Flag 

Result 

■esult 

Added 

Recovery 

H«tho«J:  Chloride  by  IC  (E3GQ.0) 

Hetrix;  Solid  Sutnetrix;  x/A 

AnAlyte:  Chloride 

Type  of  Spike:  matrix  ipike.  continued 

Kean  X  lecovery  *  77 

Within  ecceptance  •  2 

Standard  Deviation  •  6.81 

Acceptance  Criteria 

80.00  - 

120.00 

Kethcd:  Chloride  by  tC  (£300.0) 

Matrix:  TSEAIED  ScCmatrix:  X/A 

Spiked  Analyte:  Chloride 

Type  of  Spike  >  metrix  spike. 

U-Sep-90  9004399  0/A 

262.8 

mq/t9 

2646.0  ng/rg 

2631.6 

mg/kg 

90.56 

U-Sep-90  9004399  04A 

262.8 

mg/ka 

2743.2  mg/kg 

2631.6 

mg/Kd 

95.77 

U-Sep-90  9008004  Q3A 

296.0 

in9/k9 

2720.0  mg/kg 

2500.0 

mg/kg 

96.96 

U-Sep-90  9004204  02A 

296.0 

mg/kj 

2650.0  mg/kg 

2500.0 

mg/kg 

94.16 

03-Oct-90  9009103  06A 

3678.4 

irwj/tg 

9044.8  ng/kg 

5268.6 

m9/tg 

101.86 

03-0et-90  9009103  06a 

3678.4 

ng/kg 

9152.3  mg/kg 

5268.6 

mq/ko 

103.90 

Total  NLrce'-  v/  Spikes  «  6 

Selow  acceptance  ■  0 

Murtoer  0/  Santples  Used  For  Statistics  *  6 

Above  acceptance  ■  0 

Wean  X  Becovery  ■  97 

Within  acceptance  •  6 

Standard  Deviation  ■  4,93 

Acceptance  Criteria 

80.00  ‘ 

120.00 

Method;  Mercury  by  Cold  Vepor  AA  (C243.1) 

Metrix:  ISEATEO  Submatrix:  x/A 

Spiked  Aneiyte:  Mercury 

Type  of  Spike  >  wethod  Spike  (into  Qlank). 

OA-Seo-90  9008204  1 

0.00  mp/k? 

0.448  mg/kg 

0.500 

mg/kg 

.  97.68 

Total  NLirtier  of  Spikes  •  1 

lelotf  acceptance  *  0 

Htrnber  of  Safl«les  Used  For  Statistics  «  1 

Above  acceptance  «  0 

Mean  X  leccvery  «  97 

within  ecceptance  «  1 

Standard  Oeviation  ■ 

Acceptance  Criteria 

75.00  - 

125.00 

SCutistics  calculated  only  for  s/*tx}1«»  ••tth  a  >al  id  recovery. aC:  Mot  Calculcfcla 


(Continued) 
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Tabte  f6  (Continued) 


lab  10  Lab  Fraction 


SMpte 
FU9  ftcsult 


X 

Kecovery 


««xnod:  IC?  Metals  by  SboOlQ 
Matrix:  MW  EP  lEACHATS  SiJbnatrix:  N/A 
Spiked  Analyte:  Chroraioa 

Type  of  Spike  •  Method  Spike  (Into  Slank). 


12-Jul-W  3007047  00 

O.OQ  nv/l. 

0.212  rng/u 

0.200 

mO/L 

108.00 

Type  of  Spike  «  n^trix  spike. 

01-JI/1-90  3005159  454 

0.00  mg/L 

0.200  ns/l 

0.200 

"9/1. 

100.00 

01-Juri-90  3005159  450 

0.00  ing/L 

0.200  mq/L 

0.200 

ms/l. 

100.00 

18-Jtr-90  3005189  1U 

1.100  ng/L 

1.300  mj/L 

0.200 

»>g/L 

100.00 

18-JI/1-90  3005189  10* 

1.100  ing/L 

1.330  m^/l. 

0.200 

m9/l. 

115. CO 

Total  Mercer  of  Spikes  «  5 

MuTCer  of  Sanoles  Used  for  Statistics  •  5 

Mean  X  Recovery  »  104 

Standard  Oeviaticn  a  6.57 


leiov  accvptance  ■  0 
Above  acceptance  •  0 
Within  acceptance  •  5 
Acceptance  Criteria  75.00 


Method:  ICP  Metals  by  SW601Q 
Matrix:  mu  EP  LEACMATE  Sutnatrix:  M/A 
Spiked  Analyte:  Iron 

Type  of  Spike  •  Method  Spike  (Into  Blank), 


12-Jul-90 

3007047 

00 

0.00  inj/L 

1.040  mj/L 

1.000 

inj/L 

104.00 

Type  of  Spike  »  i»etri»  spike. 

01-JUT  90 

3005159 

45* 

0,400  mg/L 

1.500  nqjl. 

1.000 

mq/U 

110.00 

01-Jun-90 

S005159 

450 

0.400  mg/L 

1.400  inj/l. 

1.000 

mp/L 

100.00 

18-JU1-90 

3005 1S9 

10* 

0,230  fpg/L 

1.110  m?/!. 

1.000 

83.00 

18-JU1-90 

3005159 

11* 

0.230  rng/L 

1.500  mq/l 

1.000 

mg/I. 

127.00 

12-JUI-90 

300704  7 

22* 

0.039  mg/t 

1 .120  iT»3/l. 

1.000 

mg/L 

106.10 

12-JUI-90 

3007047 

220 

0.059  wj/L 

1.200  i^/t. 

1.000 

mg/L 

114.10 

F72 


lab  10  Lab  Fraction 


Table  f6  (Continued) 

xxxxsa«ass««sas«*'«a*s3rsai'»un«ii«»nM«: 

Spiked 

Saiiv>le  Saffpie 

Flag  Reautt  ResuU 


Z 

Recov-ery 


Method:  ICP  M«calt  by  S'^10 
Matrii:  m  EP  LEJ^CKATE  Submatrix:  M/A 
Spiked  Analyte:  Lead 

Type  of  Spike  ■  matrix  spike. 


01-Jm-90 

S005159 

450 

0.00  fro/l 

O.SCO  ng/L 

0.500 

i"9/L 

100.00 

01-Jm-90 

S005159 

45A 

0.00  mg/L 

0.500  ng/L 

0.500 

»g/L 

100.00 

ia*4m-40 

S005189 

lOA 

NO 

0.042  mq/L 

0.510  iig/l 

0.500 

ing/t. 

97.  so 

18-Jm-90 

S0051S9 

HA 

MO 

0.042  ni/L 

0.490  mg/t 

0.500 

ng/L 

93.30 

Total  MutToer  of  Spikes  ■  4 

kor^r  of  Samples  Used  For  Statistics  «  ^ 

Pean  X  Recovery  ■  97 

Standard  Deviation  •  2.92 


lelow  acceptance  ■  0 
Above  acceptance  •  0 
Within  acceptance  ■  4 
Acceptance  Criteria  75.00 


Method:  ICP  Metala  by  SU6O10 
Matrix:  HU  EP  LEACMATE  SuCmatrix:  M/A 
Spiked  Analyte:  Nickel 

Type  of  Spike  ■  matrix  spike. 


01-jie>-90 

SC0S159 

45A 

0.00  rg/L 

0.500  vg/l 

0.500 

ing/L 

100.00 

01-Jm-90 

S005159 

450 

0.00  rg/v 

0.500  nt/l 

0.500 

m/I 

100.00 

ia-Jtn-90 

$005189 

HA 

MO 

0.015  «<g/l 

0.500  m/'- 

0.500 

mg/U  . 

98.50 

18-Jm-90 

S0C51C9 

10A 

NO 

0.015  xg/l. 

0.510  mg/l. 

0.500 

mg/i. 

100.50 

Total  Hixeer  of  Spikes  •  4 

Mtmber  of  Sanvles  used  For  Statistics  *  4 

Mean  Z  Recovery  *  99 

Standard  Deviation  «  .&6 


3tlou  acceptance  •  0 

Above  •ceeptanee  •  3 

Within  acceptance  ■  4 

Acceptance  Criteri*  75.00  •  125.00 


Stetistics  celculj^ted  only  for  sarcles  wMh  a  valid  recovery. mC:  Mot  Calculable 
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Table  F6  (Continued) 


Spiked 

Saople 

SaiiVle 

Spike 

X 

Data 

Lab  ID  lab  Fraction 

FtaD  Sesult 

Result 

Added 

Recovery 

Method:  ICP  Metals  by  Sy<S010 

Matrix:  Solid  Scbrietrix:  T 

Spiked  Analyte:  Sariua 

Type  of  Spike  ■  ketfiod  Spike  (Into  Blank). 

27-AU9-90  9008041  00 

0.00  tng/L 

0.9S9  ns/L 

1.000 

mg/k 

95.90 

Total  HOTcer  of  Spikes  •  1 

Oelow  acceotance  *  0 

Nurber  of  Saroles  Used  For  Statistics  ■  1 

Abov^  acceotance  ■  0 

Mean  X  Recovery  *  95 

Within  acceptance  •  1 

Standard  Deviation  ■ 

Acceptance  Criteria 

75,00  ■ 

■  125.00 

kethod:  ICP  ketali  by  SUSOlO 
ketrix:  Solid  Sutr»trix:  T 

Spiked  Analyte:  CacTiiLie 

Type  of  Spike  ■  Method  Spike  (Into  Blank). 

27-Aug-90  9060041  CO 

0.00  ng/L 

0.929  1119/L 

1.000 

itg/t. 

92.90 

Total  MOTcer  of  Spikes  *  1 

Below  acceptance  «  0 

Rijdoer  of  Sarolet  U»ed  for  Stitittiet  •  1 

Above  acceotance  «  0 

keen  X  Rebovery  a  93 

Within  acceptance  •  1 

Stenderd  Deyiatioo  • 

Aeeeptanee  Criteria 

75.00  • 

125.00 

kethod:  IC?  ketela  Py  SU6010 
ketrix:  Solid  SuLmetrix:  T 

Spiked  Analyte:  Cnromiox 

Type  of  Spike  •  kotfiod  Spike  (Into  Blank). 

27-Auq-90  9008041  00 

0.00  ff>g/L 

0.949  nb/l 

1.000 

(ng/L 

94.90 

04-0et-90  9008242  00 

0.00  nq/L 

1  a010  n>q/t 

1.000 

nq/L 

101.00 

08-0et-90  9008262  00 

0.00  nq/l 

0.995  nq/L 

1.000 

tng/L 

99. SO 

Type  of  Spike  ■  leetrix  spike. 

2S-Jut-90  9007040  22A 

0.391  mq/L 

1 .370  mq/L 

1.000 

'«3/L 

97.90 

25-JUI-90  9007040  223 

0,391  nq/L 

1 .370  nq/L 

1.000 

inq/L 

97.90 

26-Jul-90  9O07W0  19A 

0.081  inq/l 

1 .040  fnq/t 

1 .000 

mg/L 

95. 90 

Sjitiiticj  ealcuUted  only  for  Jsroloi  «itfi  •  valid  recovery, vC;  «ot  Calculable 
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Table  F6  (Continued) 

Date  Lab  10  Lab  fraction 

Saffiole 

flag  Result 

Spiked 

Senote 

Result 

Spike 

Added 

X 

Recovery 

Method;  ICP  Metals  by  SUSOIO 

Matrix:  Solid  Subrairrix:  T 

Analyte:  Chromium 

Type  of  Spike:  tretrix  spike,  continued 

26-JUI-90  9007040  190 

0.081  mg/1. 

1.050  ng/L 

1.000 

mg/k 

9A.90 

Total  eurtwr  of  Spikes  •  7 

gelou  acceptance  •  0 

(Itrtoer  of  Samples  used  For  Statistics  •  7 

Above  acceptance  *  0 

Mean  X  Recovery  «  97 

Within  acceptance  •  7 

standard  Deviation  •  2.07 

Acceptance  Criteria 

75.00  - 

125.00 

Hethod:  ICP  Xetals  by  SU6010 

Patrix:  Solid  Sufcraatrix:  T 

Spiked  Analyte;  Iron 

Type  of  Spike  ■  Method  Spike  (Into  Blank). 

03-Oct-90  900*262  00 

0.00  mg/L 

9.810  rg/L 

10.0 

mq/L 

93.10 

09-Oct-9O  9000262  00 

O.CO  sq/L 

9.930  ng/L 

10.0 

ing/L 

99.30 

Type  of  Spike  «  futrix  spike. 

25-JUI-90  9007040  198 

3.920  mg/l 

13.4  mg/l 

10.0 

mg/k 

94.80 

25-JUI-90  9007040  19A 

3.920  ng/k 

13.6  xg/k 

10.0 

mg/k 

96.80 

25-JUI-90  9007040  22A 

0.1S3  mg/L 

10.2  mg/k 

10.0 

mg/k 

100.47 

2J-Jul-90  9007040  22B 

0.153  mg/L 

10.1  mg/k 

10.0 

rng/t 

99.47 

Total  Munoer  of  Spikes  •  6 

Below  acceptance  •  0 

Miwber  of  Samples  Used  for  statistics  •  6 

Above  accepcence  a  o 

Mean  X  Recovery  a  9B 

Within  acceptance  •  6 

Standard  Deviation  a  2.07 

Acceptance  Criteria 

75.00  • 

125.00 

c«lcul«ted  only  for  ssrults  with  t  val»d  recovery. NC:  Mot  Calcutible 
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Table  f6  (Continued) 


asasa«sa«axa«saxaa-a«aaa 


‘I  J 

n' 


isaaaaaaasasYasaasasasaaaaaaaasaasassassaasaaasaa 

spiked 


aaaaaaaaaaaaaaaaaaaaaasaaaaasasaaaaaaaa- 


Saaple 

Saneltf 

Spike 

X 

0«tt  lab  10  Lab  Fraction 

Flaf 

Rexult 

Result 

Added 

Recovery 

Method:  ICP  Metala  by  SU601Q 

Matrix:  Solid  Subnvitrix;  T 

Soiked  Analyte:  lead 

Type  of  Spike  ■  Method  Spike  (Into  Blank). 

27-AU5-90  WOaOAl  00 

0.00  m>3/L 

0.961  m9/l. 

1.000  mg/L 

96.10 

04-0et-90  9008262  00 

0.00  (ng/L 

0.991  mg/L 

1.000  mg/L 

99.10 

Oa-Oct-90  9008262  00 

0.00  mg/l 

0.978  md/L 

1.000  mg/L 

97.80 

Type  ef  Spike  a  matrix  spike. 

25-JuI-9Q  9007040  22A 

HO 

0.050  mg/l 

0.948  in9/L 

1.000  mg/L 

92.30 

25'JuI-9Q  9007040  223 

NO 

0.050  (hg/l 

0.968  m9/L 

1.000  mg/L 

94.30 

26-JUI-9Q  9007040  19A 

NO 

0.100  mg/l 

0.937  mp/L 

1.000  mg/L 

88.70 

26-Jul-9Q  9007040  193 

NO 

0.100  fng/L 

0.949  mg/t 

1.000  mg/L 

89.90 

Total  Nurtaer  of  So>kes  *  7 

Below  acceptance  «  0 

K'-Waar  of  Sa(noi«a  Used  For  Scatistici  *  7 

Above  acceptance  ■  0 

Mean  X  Reepver-y  a  94 

Within  acceptance  »  7 

Standard  Deviation  a  3.93 

Acceptance  Criteria 

75,00  •  125.00 

Method:  ICC  Metals  by  SU6010 

Matrix:  Solid  SLtmatrix:  T 

Spiked  Analyte:  Nickel 

Type  of  Spike  x  Method  Spike  (Into  Blank). 

04-Oct-90  9008262  00 

0.00  ffig/l 

1 .000  mq/L 

1.000  irg/L 

100,00 

08-Oct-90  9008262  00 

0.00  fng/i. 

1.020  mg/L 

l.OOO  lt>3/L 

102.00 

Type  of  Spike  a  matrix  spike. 

25-Jut-90  9007040  223 

NO 

0.020  mg/L 

0.971  mg/L 

1.000  mj/L 

96,10 

25-JUI-9Q  900  704  0  22A 

HO 

0.020  frg/l 

0.966  mg/L 

1.000  mg/L 

95.fi0 

26-jijI-90  9007040  19A 

0.166  mq/L 

1.100  mg/L 

1.000  mg/L 

95.40 

26-JUI-90  9007040  198 

0.166  nj/l 

1.130  mg/L 

1.000  mg/L 

96.40 

Total  Nuropr  of  Soskes  *  6 

Below  acceptarice  •  0 

M'JTiOer  of  Sanoles  Used  For  Statist 

ics  a  6 

Above  accevtance  ■  0 

Mean  X  2ecovery  *  97 

Within  accepiance 

saaaaaaaasaaaaaaaaaaaaaaaasxa 


®****®**”****=»**»»*s»*»*«*aaa»a*aaaaaa*a*aaTa** 

Ststisrics  celcunted  only  for  sanoles  with  a  valid  rKovery.wC:  Hot  Caleulaolc 


tsttsxaasaaaasaaaasaas'saaaxaxaaaaas' 
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Table  F6  (Continued) 

^^,*,a««*****»*******>»»*'**»a*»*»«a*»««aa***»»»»»»**«»»*'»*«*»«»»***»*******»****  ************************************** 

Spiked 

Svpte  Sampl*  Spike  * 

O.te  L»b  ID  Mb  Frection  Fl*9  Result  Aikled  Recovery 


Method:  ICP  MeteU  by  SU6010 
Matrix;  Solid  Subntitrix:  T 
/inalyte:  Nickel 

Type  of  Spike:  irxitrix  spike,  contiroed 


Standard  Deviation  •  3.13 

Methcd;  ICP  Metals  try  SU6010 
Matrix:  Solid  Si.£rnatrix:  T 
Spiked  Analyte:  Silver 

Type  of  Spike  «  Method  Spike  (Into  Blank). 
27'Aug-90  90050C1  00 


Acceptance  Criteria  75.00  •  125. OC 


0.00  mg/l. 


0.910  mg/L 


1.000  mg/L 


Total  NtrtJer  of  Spires  *  1 

Hurtoer  of  Saroles  Used  For  Statistics  a  1 

Mean  X  Recovery  »  91 

Stanoard  Deviation  » 

Method:  ICP  Metals  by  SU6010 
Matrix:  Solid  Submatrix:  n/A 
Spiked  Analyte:  Chroraiu<e 

Type  of  Spike  «  Method  Spike  (Into  Stane), 

ll-Jul-90 
ll-Jul-W 
26*Sep-90 


21-May- 
21  -May 
21-May- 
21-May- 
2VMay- 
21  “ay 
29-Mey- 
29'“ay 

02- JLTT 


Below  acceptance  ■  0 
Above  acceptance  *  0 
Within  acceptance  ■  1 
Acceptance  Criteria  75.00 


125.00 


91.00 


S007W7 

00 

0.00  wq/xq 

0.212  mq/kg 

0.200 

nj/kg 

106.00 

S0070A4 

00* 

0.00  «9/kg 

0.210  mq/kg 

0.200 

»s/kg 

105.00 

9008362 

00 

0.00  fnq/xq 

0.9*0  mq/kg 

1.000 

mq/kg 

9*.  00 

pike  ■  rndtrie  spike. 

S005159 

34A 

312.2  ffd/kg 

mq/kg 

27.9 

mq/kg 

S005159 

35A 

312.2  ng/kg 

fnq/kg 

27.* 

mq/kg 

SC05159 

37A 

a5,5  ng/kg 

ng/kg 

35.9 

mq/kq 

S005159 

39A 

163.6  ng/kg 

rrq/kg 

2*. 3 

mg/kg 

S005159 

IZA 

163,6  aig/kg 

mq/kg 

3*. 8 

mq/kg 

S005159 

36A 

85.5  mg/kg 

mq/kg 

38.6 

mq/kg 

S0051M 

lOA 

10.7  tng/kg 

29.1  mq/kg 

19,6 

mq/kg 

93.58 

S0051&4 

HA 

10.7  mg/kg 

30.2  mq/kg 

18.8 

mq/kg 

103.72 

S0051SA 

23A 

1 1 .6  trg/kg 

30.2  mq/kg 

19.* 

mg/kg 

95.58 

Statistics  calculated  only  for  sarcles  vtth  a  valid  recovery. NC:  Not  Calculable 
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Table  f6  (Continued) 

2^assas««s««««*******'*******'*****v****'>3  •■**■***  v******^  *********  *'***** 


D«te  Lab  tO  Lab  Fraction 


San>l« 
Fta9  ilesult 


Spiked 

Sairpie 

Result 


Spike 

Added 


X 

Recovery 


Method:  ICP  Metals  by  S\i6010 
Matrix:  Solid  SLktnatrix:  u/k 
Analyte:  Chromiun 

Type  of  Spike:  matrix  spike,  continued 


02' Ji^-9Q 

SOQSiaA 

2SD 

11.6 

mg/tg 

28.1 

i«g/X9 

18.0 

mg/Xg 

01.67 

5005186 

OSA 

44.6 

mq/Cg 

108.0 

mg/xg 

26.4 

mg/Xg 

240.15 

15-Jun'?Q 

5005186 

050 

44.6 

mg/tg 

57.9 

mg/xg 

25.0 

mg/lg 

53.20 

17-Jin'90 

SCQ5190 

10A 

586.2 

mg/4g 

mg/xg 

721.0 

mg/lg 

17-Jin-90 

5005190 

09A 

586.2 

mg/ig 

mg/xg 

25.5 

mg/lg 

18-Jin'90 

S005190 

23A 

48.6 

mg/<g 

82.6 

mg/Xg 

31.4 

mg/ig 

108.28 

18-Jin-90 

5005 190 

27A 

48.6 

ng/(g 

105.7 

mg/Xg 

29.5 

mg/xg 

193.56 

19-Jir-90 

5005247 

25A 

1595.5 

ing/tg 

mg/Xg 

24.0 

mg/Xg 

19-Jir-90 

5005247 

2&A 

4530.5 

ng/tg 

mg/xg 

27.9 

mg/xg 

19-Jun-90 

5005247 

27A 

4530.5 

mg/Tg 

mg/Xg 

26.0 

xg/xg 

19-Jun-90 

5005247 

26A 

1595.5 

mg/ltg 

mg/Xg 

22.4 

mg/xg 

19-J1XI-90 

5005247 

29A 

4650.8 

mg/llg 

mg/Xg 

26.5 

mg/xg 

19-Jun-90 

5005247 

3QA 

4650.8 

ing/4g 

mg/xg 

27.6 

ng/Xg 

I1-Jul-90 

500  7046 

12A 

4166.0 

mg/Cg 

6616.9 

mg/Xg 

2271.6 

mg/ Kg 

107.89 

11-Jgl-90 

5007046 

13A 

4166.0 

jig/Xg 

4384.5 

mg/xg 

2198.7 

mg/xg 

9.94 

11'Jul'90 

S0Q7O46 

15A 

3350.0 

mg/lg 

4691.5 

mg/Xg 

2173.8 

mg/xg 

61.71 

n-Jul-90 

500  7046 

16A 

3350.0 

ng/xg 

7270.1 

mg/Xg 

2070.9 

mg/Xg 

189.29 

11-4ul'90 

5007046 

lOA. 

1286.0 

ixj/Xg 

1759.0 

mg/Xg 

572.4 

mg/Xg 

82.63 

n-4ul'90 

5007046 

09a 

1286.0 

n<g/Xg 

2137.6 

mg/Xg 

544.6 

mg/Xg- 

156.37 

I2-JUI-90 

500  7047 

13A 

88.0 

mg/xg 

149.7 

mg/Xg 

72.3 

mg/Xg 

85.34 

12'Jul-90 

5007047 

010 

551.0 

*9/Xg 

821.6 

mg/xg 

227.7 

mg/Xg 

118.84 

12-JUI-90 

5007047 

OU 

551.0 

mg/xg 

752.0 

mg/xg 

233.5 

ng/Xg 

86.08 

i2'Jul-90 

5007047 

130 

88.0 

mj/Xg 

U3.8 

mg/Xg 

69.8 

mg/Xg 

77.94 

12-JUI-90 

5007047 

070 

28.0 

i"g/ig 

71.8 

mg/Xg 

38.9 

mg/Xg 

112.60 

12'Jul-90 

5007047 

07a 

28.0 

ng/lg 

64.1 

mg/Xg 

35.5 

ng/Xg 

101.69 

17-Ju(-90 

5007047 

CAD 

48.0 

mg/Xg 

154.9 

»V/X9 

91.3 

-g/Xg 

117.09 

17-Jul'90 

5007047 

04A 

48.0 

«9/xg 

145.7 

mg/xg 

93.5 

mg/Xg 

104.49 

17-Jul'90 

5007047 

16A 

231.0 

mg/Xg 

457.5 

mg/Xg 

122.5 

mg/Xg 

184.90 

17-JUI-90 

5007047 

160 

231.0 

mg/ig 

355.4 

mg/lg 

117.3 

ng/Xg 

106.03 

24-JUI-90 

9007040 

03B 

1223.0 

■g/xg 

4440.0 

mg/xg 

3750.0 

mg/xg 

85.79 

24-JUI-90 

9007040 

03A 

1223.0 

ng/xg 

4030.0 

mg/lg 

3000.0 

mg/xg 

93.57 

26-jo(-90 

5007047 

lOA 

7699,0 

mg/Xg 

11334.4 

mg/xg 

6764.5 

mg/xg 

53.74 

26-Jgl-90 

500  7047 

100 

7699.0 

ng/xg 

11234.5 

mg/xg 

6776.0 

mg/lg 

52.18 

Total  kuroer  of  Sojkea  -•<  45 

Mijrcer  of  S»To(es  used  For  Statistics  »  31 


Belov  acceotarce  •  19 
Above  acceotarice  ■  5 


Statistics  calculated  only  for  samoles  with  a  valid  recovery. aC:  aof  CalcuUDle 
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Table  F6  (Continued) 

„a,aa*»»a»aaa»**a**»»**’»**«*a=«a»aa«a»**»a»»a*=»*»*=»**»************»»*=**»*»**»************®*************®'************' 

Spiked 

Sarvle  Sarrpic  Spike  ^ 

0«te  led  10  L«b  Fraction  Fla^  ftesutt  Sciult  Added  Recovery 

Method:  ICP  Metali  try  SU6010 
Matrix:  Solid  Su&matrix:  M/A 
Analyte:  Chromtue 

Type  of  Spike:  matrix  spike,  contirijeo 

Mean  %  Recovery  ■  105  Within  acceptance  ■  7 

Standard  Deviation  ■  4^,33  Acceptarea  Criteria  75.00  •  125.00 

Method:  ICP  Metals  by  SW6G10 
Matrix:  Solid  Subrnatrix:  n/a 
Spiked  Analyte:  Iron 


Type  of  Spike  ■  Method  Spike  (Into  BUnx). 


11-Jul-90 

S00704A 

OOA 

0.00  ino/£g 

1.021  nj/ti 

1.000 

"9/49 

102.10 

ll-Jul-W 

SC07W7 

00 

0.00 

1.040  nq/ta 

1.000 

"9/49 

104.00 

26-lep-90 

9003262 

00 

O.CO  mo/Cg 

9.560  irq/t9 

10.0 

"9/49 

95.60 

Type  of  Spike  *>  fnetrix  spike. 

21-Mav-90 

S0Q5159 

3M 

2440u.2  tng/tg 

142. S 

"9/49 

21-May-90 

S0C5159 

35A 

10.5  xig/kg 

"9/49 

137.1 

"9/49 

21-May-90 

S005159 

39* 

5753. &  eq/s^g 

"9/49 

121.4 

"9/49 

21*May-90 

sees  159 

37* 

2440j.2  mg/Ig 

"9/49 

129.6 

"9/49  ■ 

21 -May-90 

5005159 

ja* 

5733. 6  irq/Xg 

"9/49 

124.1 

"9/49 

21-May-90 

S005159 

34* 

10.5  irq/kg 

11.1  11)9/49 

139.3 

"9/49 

0.43 

29*May90 

sees  ISA 

11* 

fig/Kg 

15900.0  Tg/Ky 

93.9 

"9/49 

29-Mav-90 

5005154 

10* 

■q/Kg 

151C0.0  "9/49 

97.9 

"9/49 

02-Jin-9O 

SC05154 

25* 

mp/Kg 

10200.0  "9/49 

96.8 

"9/49 

02-Jirt-90 

aCQ5154 

250 

wj/Kg 

15900.0  "9/49 

93.9 

"9/49 

15-Ji.n-90 

S0C51S6 

05* 

23873.4  tq/Xg 

"9/49 

97.8 

"9/49 

15-JUT90 

S0C51S4 

050 

23873.4  mg/Xg 

"9/49 

92.6 

"9/49 

17-Jun-90 

S005I90 

09* 

6096.6  rq/Xg 

"9/49 

127.5 

"9/49 

17-J^^*90 

3005190 

10* 

6096.6  mg/Xg 

"9/49 

7134.3 

"9/49 

ia-Jin-90 

S000190 

2S* 

24685,0  ng/Ig 

"9/49 

156.9 

"9/49 

15-Jun-90 

S00519Q 

27* 

24685.0  mg/Xg 

"9/49 

147.4 

"9/49 

19- Jixi-90 

5005247 

27* 

30101.8  ffq/Xg 

"9/49 

130.0 

"9/49 

19-JLn-90 

S005247 

21* 

30101 .8  "q/Xg 

"9/49 

139.6 

"9/49 

19-Jur-90 

SCC5247 

29* 

31938,3  ng/Xg 

"9/49 

132.4 

"9/49 

19-Jijn-90 

S005247 

25* 

34577.3  *q/Xg 

"9/49 

120.1 

"9/49 

19-J<xi-90 

SC05247 

24* 

34577.3  irq/Xg 

"9/49 

111.7 

"9/49 

isisxa3««9«a9«aaiia*««*a«Kz: 


Statistics  calculated  only  for  samples  vith  a  valid  recovery.aC:  Mot  Calculable 
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Table  F6  (Continued) 

»**■•»**«**»*  ■«*«*****»*»»ajr«t*»a****aaaia***a3aa'»****a**a5i»i»«»«»*«««»»a*»aasa*ata3»*»»**  *»■**•**•*****•*•■••*  ***•••**•*** 

Spiked 

$«Tol«  Sample  Spike  X 

Oite  Leb  10  lab  Fraction  Fle^  Result  Result  Added  Recovery 


Method:  ICP  Metals  by  SU6010 
Matrix:  Solid  Submatrix:  N/A 
Analyte:  Iron 

Type  of  Spike:  ewtrix  ipike.  contiroed 


19-Jm-90 

S0Q5247 

3QA 

31933.3  (Tfl/Kg 

mg/kg 

137.9 

ng/kg 

11-Jul-90 

S00704d 

20927.0  e^/Cg 

ng/kg 

ng/kg 

11-Jul-90 

S0070U6 

ISA 

2K25.0  ng/kg 

ng/kg 

mg/kg 

n-Jul-9Q 

SQ07C46 

C9a 

1351.0  (ng/kg 

ng/kg 

"d/kg 

12-JUI-90 

S007047 

OU 

7179.0  Jng/kg 

9443.4  ng/kg 

2335.3 

ng/kg 

96.96 

12-JUI-90 

S007047 

010 

7179.0  Jng/lg 

8725.1  ng/kg 

2276.6 

ng/kg 

67.91 

17-JUI-90 

S007047 

16A 

6397.0  tng/kg 

10201.7  mg/kg 

3674.2 

ng/kg 

89.94 

17-JUI-90 

S007047 

160 

6397.0  ng/kg 

10135.0  ng/kg 

3519.0 

nd/kg 

92.01 

2S-JUI-90 

S007W7 

100 

28471.0  mg/kg 

40022.2  ng/kg 

13552.0 

ng/kg 

85.24 

26-JUI-90 

S007047 

10A 

2&*71.0  ng/kg 

37857.2  ng/kg 

13529.0 

ng/kg 

69.38 

TotiL  Kurcer  of  Soikeo  -  gelou  •ccM.tsnee  .  27 

Kunaer  of  SanolM  UJed  /or  Sta-istics  •  10  Above  acceetArce  «  0 

Keen  X  aeoovtry  •  SO  Ufthin  •cceptinct  «  -17 

Stanoard  Oevi.tton  •  30.65  Acceptance  Criteria  75.00-125.00 

iiethoo:  ICP  Xetala  ty  rJ6Q10 
Patri*:  Solid  SucanatriA;  “i/A 
Spiked  Analyte;  Lead 


Type  of  Spike  •  Pethod  Spike  {Into  SlanA). 


11-  ul-PO 

S007346 

OOA 

0.00  mg/ks 

0.518  ng/kg 

0.500 

ng/kg 

103.60 

11-Jul-90 

S007047 

00 

0.00  ng/kg 

0.531  mg/kg 

0.500 

ng/tg 

106.20 

26-Seo-90 

9008262 

00 

0.00  mg/kg 

0.908  ng/kg 

1.000 

ng/kg 

90.80 

Type  of  Spike  •  matrix  spike. 

21-Pev-90 

SC05159 

3a» 

6.900  mg/kg 

69.6  ng/kg 

62.0 

ng/kg 

101.13 

21-Piy-90 

S005159 

34A 

0.00  B^/kg 

1.700  ng/kg 

69.7 

ng/kg 

2.44 

21-Piy-90 

SC05159 

39A 

6,900  ng/kg 

69.0  ng/kg 

60.7 

ng/ig 

102.31 

21-Pay9G 

S005159 

35A 

O.CO  mg/kg 

1C2.5  irg/kg 

63.5 

ng/kg 

149. M 

21-Pay-90 

S005159 

36A 

56, A  ^/kg 

ng/kg 

71,4 

ng/kg 

■’1-P9y-90 

S005159 

37A 

56.4  mg/kg 

ng/kg 

64.8 

ng/kg 

29-Pay-90 

SC05ia4 

10A 

43,4  ng/kg 

79.1  ng/kg 

49.0 

ng/kg 

72.86 

29-Pay-90 

$005184 

11A 

43,4  ng/kg 

99.2  mg/kg  . 

46,9 

ng/kg 

118.98 

Statistics 

cjicutated  only  for  sanoles  with 

a  valid  recovery. MC:  Mot 

Calculiblt 

(Continued) 
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sMSz: 


3 


Table  f6  (Continued) 

saaaaivvvsiiaiavvaaaatxKTixaaaKaaiSMaiassMSsvasxatiaaaaasxaaaxaasssaxsvsavaBaanssssxssxaBaxxa  sax  as  3  saatsvasss****  a  *■********«*: 


Spiked 

Sanole 

Sanplc 

Spike 

X 

Date 

Lab  ID  Lab  Fraction 

Flag  Seoul t 

Result 

Added 

Recovery 

Method:  |CP  Metals 

by  SU6010 

Matrix:  Solid  SLtmatrix:  M/A 

Arvalyte: 

Lead 

Type  of  Spike:  matrix  spike. 

continued 

02-Jm-90 

5005184 

25A 

14.9  eig/iCg 

61.9  ng/Ag 

48.4 

ng/Ag 

97.11 

02- Jm-90 

5005184 

250 

14.9  mg/kg 

55.8  ng/Ag 

44.9 

ng/Ag 

91.09 

15-JU1-9Q 

S0QS1C6 

050 

J1.4  mg/Ag 

104.5  ng/Ag 

62.6 

ng/Ag 

116.77 

15-Jut  90 

5005185 

05A 

31.4  mg/kg 

106.4  ag/kg 

66.1 

ng/Ag 

113.46 

17- Jut  90 

5005190 

09A 

7.100  ng/Ag 

69.8  ng/Ag 

63.8 

ng/Ag 

98.23 

17- Jut  90 

5005190 

10A 

7.100  ng/Ag 

69.7  mg/kg 

60.9 

ng/Ag 

102.79 

ia-Jui-90 

5005190 

28A 

30.6  ng/Ag 

109.3  ng/Ag 

78.5 

ng/Ag 

100.25 

18-Jm-9Q 

5005190 

27A 

30.6  ng/Ag 

107.2  ng/Ag 

73.7 

ng/Ag 

103.93 

19- Jm-90 

5005247 

30A 

332.6  ng/Ag 

ng/Ag 

69.0 

ng/Ag 

19-Jm-90 

5005247 

29A 

332.6  lag/Ag 

ng/Ag 

66.2 

ng/Ag 

19-Jm-9Q 

5005247 

26A 

547.1  mg/kg 

■0/Ag 

55.9 

ng/Ag 

19- Jm-90 

5005247 

2aA 

79.1  mg/kg 

297.3  ag/kg 

69.9 

ng/Ag 

312.61 

19- Jm-90 

5005247 

27A 

79.1  aq/kg 

3S9.a  ag/kg 

65.0 

ng/Ag 

431. as 

19- Jm-90 

5005247 

25A 

347.1  ng/kg 

414.5  ag/kg 

60.1 

ng/Ag 

112.15 

11  ‘Jul-W 

S00704A 

16A 

444.0  ng/kg 

1517.8  ng/kg 

1330.6 

ng/Ag 

77.78 

ll-Jul-90 

S007D4A 

15A 

444. C  Big/kg 

1549.5  ag/kg 

1449.2 

ng/Ag 

74.10 

ll-Jul-90 

SC070i4 

09A 

242.0  BQ/kg 

1520.0  ng/Ag 

1099.1 

ag/k3 

117.34 

ll-Jul-90 

5007046 

10A 

242.0  ag/kg 

1395.1  ng/Ag 

1144.8 

ng/Ag 

100.73 

ll-Jul-90 

S0G7D44 

ia 

356.0  ng/Ag 

1676.1  ag/kg 

1514.4 

ng/Ag 

87.17 

ll-Jul-90 

SC0704.6 

13A 

356.0  ng/Ag 

1538.5  ng/Ag 

1465.8 

ng/Ag 

80.67 

12-Ju' -90 

5007047 

190 

29.0  ag/kg 

90.1  ng/Ag 

49.0 

ng/Ag 

126.73 

12-Jul-90 

5007047 

130 

58  0  ng/Ag 

146.9  og/Afl 

97.8 

ng/Ag 

90.90 

12-Jul-90 

5007047 

1JA 

58.0  nq/Ag 

155.1  ag/kg 

101.2 

ng/Ag 

95.95 

12-JUI-90 

5007047 

19A 

28.0  ag/kg 

81.5  ng/Ag 

52.0 

ng/Ag 

102.83 

24-Jul-90 

90oma 

053 

/6>.a  ng/Ag 

529.0  ag/kg 

312.5 

ng/Ag 

21.44 

2(-Jul-90 

9oomo 

OJA 

461.0  ag/kg 

507.0  mg/kg 

250.0 

ng/Ag 

18.40 

26-Jul-90 

SCO 7047 

10A 

46.0  ag/kg 

703.5  ag/kg 

1352.9 

ng/Ag 

49.60 

26-JUI-90 

SC07D47 

46.0  ag/ko 

715,0  ag/kg 

1355.2 

ng/Ag 

49.37 

Total  wvjfftoer  of  Sp 

Ikes  *  39 

Below 

acceptance  »  12 

Mijrber  of  Sanoles 

Used  for  Statistics  *  34 

Above 

acceptance  ■  4 

Mean  I  Recovery  • 

106 

Within  acceotance  «  18 

Standard 

Deviation 

•  75.61 

Acceotanc*  Criteria 

75.00  - 

125.00 

Sliltitics  cilcu(tcrd  only  for  laroie]  muh  •  viiid  recovery.xC:  »ot  CjIcuI»61« 


(Continued) 


F81 


Table  F6  (Continued) 

«a**»a»M«a**»****«**********  ■»»■»■■■»«*  a  **«***»■**■»«»»»***■  ■**■*■•*“**■•**** 

Spiked 

Swpl*  S«mol«  * 

Dit*  l.»ii  ID  L»b  Fraction  flaj  Jejult  Stsult  Recovery 


Method:  IC?  Netile  by  SW6010 
Matrix:  Solid  Subrratrix:  M/A 
Spiked  Analyte;  Nickel 


Type  of  Spike  •  Method  Spike  (Into  Blank). 


ll-Jul-90 

S007047 

00 

0.00 

m9/t3 

0.515 

ng/kg 

0.500 

ng/kg 

103.00 

24-Seo-90 

9008262 

00 

0.00 

m9/kg 

0.927 

ng/kg 

1.000 

ng/kg 

92.70 

Type  oF  Spike  •  metrix  spike. 

21-Miy-90 

S0Q5159 

39A 

6.900 

ng/kg 

71.1 

ng/kg 

60.7 

ng/kg 

105.77 

21-Hey-90 

3005159 

384 

6.900 

mg/kg 

72.2 

ng/kg 

62.0 

ng/kg 

105.32 

21->i»y-90 

S0Q5159 

354 

51.3 

nj/tf 

118.4 

ng/kg 

68.5 

mg/kg 

97.96 

21-N«y-90 

S0Q5159 

344 

51.3 

mg/kg 

110.4 

ng/kg 

69.7 

ng/kg 

84.79 

21-Mey-bO 

S005159 

364 

24.2 

irg/kg 

ng/kg 

71.4 

ng/kg 

21-Miy-PO 

S005159 

374 

24.2 

mg/kg 

ng/kg 

64.8 

ng/kg 

29-M«y-'W 

3005184 

114 

15.5 

mg/kg 

62.5 

ng/kg 

46.9 

ng/kg 

100.21 

29-Nev-90 

3005184 

104 

15.5 

«S/kg 

65.1 

ng/kg 

49.0 

ng/kg 

101.22 

02-Jtn-90 

3005184 

254 

10.6 

mg/Kg 

60.9 

ng/kg 

48.4 

ng/kg 

103.93 

02-Jvn-«O 

3005184 

250 

10.6 

"g/kg 

57.7 

ng/kg 

44.9 

ng/kg 

104.90 

3005186 

054 

18. C 

ng/kg 

84.0 

ng/kg 

66.1 

ng/kg 

98.64 

15-Jtn-9t) 

3005184 

050 

18.8 

ng/kg 

79.4 

ng/kg 

62.6 

ng/kg 

96.81 

17-Jcri-90 

3005190 

094 

6.600 

mg/kg 

68.9 

ng/kg 

63.8 

ng/kg 

97.65 

17-Jcri-« 

3005190 

104 

6.600 

mg/kg 

71.0 

ng/kg 

60.9 

ng/kg 

105.73 

18-Jm-PO 

3005190 

274 

20.3 

ng/kg 

96.2 

ng/kg 

73.7 

ng/kg 

102.99 

18-Jtr-90 

3005190 

284 

20.3 

ng/kg 

99.8 

ng/kg 

78.5 

ng/kg 

101.27 

19-Juri-90 

3005247 

304 

40.8 

ng/kg 

132.4 

ng/kg 

69.0 

ng/kg 

132.73 

19-J«t90 

3005247 

274 

32.1 

ng/kg 

97.7 

ng/kg 

65.0 

ng/kg 

100.97 

IP-JutW 

3005247 

214 

32.1 

ng/kg 

IDS. 6 

ng/kg 

69.8 

ng/kg 

109.60 

19-Jm-90 

3005247 

254 

37.7 

ng/kg 

102.8 

ng/kg 

60.1 

ng/kg 

108.32 

19-Jun-90 

3005247 

294 

40.8 

ng/kg 

100.6 

ng/kg 

66.2 

ng/kg 

90.33 

19- Jtn-90 

5005247 

264 

37.7 

ng/kg 

78.8 

ng/kg 

55.9 

ng/kg 

n.52 

12-JU1-90 

S0C7O47 

134 

23.0 

ng/kg 

113.2 

ng/kg 

101.2 

ng/kg 

89.13 

12- Jul-90 

3007047 

130 

23.0 

ng/kg 

109.1 

ng/kg 

97.8 

ng/kg 

88.02 

2*-Jul-90 

9007040 

03S 

32.5 

ng/kg 

65.6 

ng/kg 

43.8 

ng/kg 

73.57 

24-JUI-90 

9007040 

034 

32.5 

ng/kg 

66.7 

ng/kg 

35.0 

ng/kg 

97.71 

Total  MoTOer  of  Soikea  »  2S  Below  acceotance  «  3 

Ncrttr  of  Serioles  Used  for  Statistics  »  26  Above  acceotance  »  1 

Mean  1  Secovery  »  98  Within  acceotar-*  •  22 

>a>«*aaaaa3aaaaaaaaaa*aaaaaaaaaasasa3«a3as«a3S3S3s»aaasaaaasasaaaaas*aaaaaxasaaaaaaaaasa3>aa«Baaa«aBaaaBBBsaaaaaaaa«aa 

Statistics  calculated  only  for  sarotes  with  a  valid  recovery. mC:  Mot  Calculable 


(Continued) 
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Table  F6  (Contintied) 

aaar«ai»*a«a  »»»****■»**»»«»■*«*  a  *aa3aaa*aaaa3»'»a»**»»a»»««»*«*«***«  *•*»***■»»«»«»«»«**»■■**•*»•**•■■■•*  *************** 

Spiked 


Date  leb  ID  Lab  Fraction 


S«t)olt 
Fla^  8eault 


Z 

Recovery 


Method:  ICP  Metals  by  SU6010 
Matrix:  Solid  Submatrix:  N/A 
Analyte:  Nickel 

Type  of  Spike:  matrix  spike,  continued 


Standard  Deviation  > 


Acceptance  Criteria  75.00  •  125.00 


Method:  ICP  Metals  by  $^6010 
Matrix:  TREATED  Sutrutnx:  MW 
Spiked  Analyte:  Chrontun 

Type  of  Spike  •  Method  Spike  (Into  Blank). 


19-S«i-90 

90M204 

0 

O.CO  mj/L 

0.963  mq/L 

1.000 

i"q/L 

96.30 

19-S.p-^•>0 

900*327 

- 

0.00  mg/L 

1.010  mq/L 

1.C0O 

uiq/L 

101.00 

26-S.P-90 

90091S2 

00 

0.00  nj/t 

0.942  jnq/L 

1.000 

mq/L 

94.20 

Type  of  Spike  ■  matrix  spike. 

19-S«l-90 

9C 09045 

19C 

0.042  m^/l 

0.235  mq/L 

0.200 

mq/L 

96.50 

19-S«>-90 

9009045 

199 

0.042  mq/L 

0.224  mq/L 

0.200 

nq/U 

91.00 

19-S«3-90 

9002399 

21C 

<5X  0.0A4  jrq/l 

0.271  mq/L 

0.200 

mq/L 

92.50 

19-S.t)-90 

9002399 

21a 

<SX  O.Oa*  nj/l 

0.269  >q/L 

0.200 

inq/L 

91.50 

Total  hoTwr  of  Soikes  *  7 

Njjnber  of  Sarnoies  Used  For  Statistics  •  7 

Mean  Z  Recovery  «  9A 

Standard  Deviation  a  3.52 


Below  acceptance  *  0 
Above  accitptanct  •  0 
Within  acceptance  *  7 
Acceptance  Criteria  75.00 


Method:  ICP  Metals  by  SW6O10 
Matrix:  TREATED  Subrtwcrix:  mw 
Spiked  Analyte:  Iron 

Type  of  Spike  ■  Method  Spike  (Into  Blank). 


19-Sep-90  90C8327  - 

20*Seo-90  9002204  0 


0.00  inq/L 
O.CO  i^/L 


9.810  ffd/l 
9.610  319/1 


10.0  ffig/l 
10.0  mq/l 


Total  Nuroer  of  Spites  ■  2 

Ncrtoer  of  Sanpies  Used  For  Statistics  *  2 

Mean  X  Recovery  »  97 


Below  acceptance  «  0 
Above  acceptance  «  0 
Within  acceptance  ■.2 


Statistics  calculated  only  for  s^iioies  vith  a  valid  recovery. aC:  aot  Calculable 


(Conti ncpd) 
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Table  F6  (Continued) 


«axaKV«xsa9n*ma«suxvasiixxaaxxSMB4sx>sa>»>' 


Lab  ID  Lab  Fraction 


Hethod:  IC?  Hatala  by  SUbOlO 
Katrix:  T«1»TED  SUJMtrix:  (FW 
Analyte:  Iron 

Type  of  Spike:  Method  Spike  (Into  aiank).  continued 


StarxJard  Deviation  » 


Acceptance  Criteria  75.00  *  125.00 


Method:  ICP  Metala  by  SUMIO 
Matrix:  TREATSO  Scbmatrix:  MU 
Spiked  Analyte:  Lead 

Type  of  Spike  •  Method  Spike  (Into  Blink). 


I9-Sep-90  9008327  • 
19-Sep-90  9008204  0 


0.00  fd/L 
0.00  no/L 


0.991  ng/L 
0.935  «d/L 


1.000  mg/L 
1.000  mg/L 


lotai  kuioer  of  Spikea  •  2 

kcrikxvr  of  Stttplea  Used  For  Statistics  ■  2 

Mean  X  Recovery  ■  98 

Standard  Deviation  •  3.95 


Belov  acceptance  •  0 

Above  acceptance  •  0 

Within  acceptance  •  2 

Acceptance  Criteria  75.00  -  125.00 


Method:  ICP  Metals  by  SW6010 
Matrix:  TREATED  SiAxsatrix:  MU 
Spiked  Analyte:  Jtiekel 

Type  of  Spike  •  Method  Spike  (Into  Blank). 


19-Sep-90  V0O8327  • 
19-Seo-90  9008204  0 


0.00  ed/L 
0.00  id/L 


1.000  Jid/L 
0.951  »d/L 


1.000  mg/L 
1.000  mg/L 


Total  kvxTder  of  Spikes  ■  2 

kunber  of  Saieoles  Used  For  Statistics  •  2 

Mean  X  Recovery  »  97 

Standard  Deviation  •  3.48 


Belov  acceptance  >  0 

Above  acceptance  •  0 

Within  acceptance  •  2 

Acceptance  Criteria  75.00  •  125.00 


Statistics  calculated  only  for  samples  aith  a  valid  recovery. kC:  Mot  Calculable 


(Continued) 
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Table  F6  (Continued) 

***»»***»•*  ■***‘************  ■*»*»»»»*»»***  ®************^******»******^****  ********************  ************************** 

spiked 

Seeple  Sample  Spike  X 

Date  Lab  ID  lab  Fraction  Flag  Result  Result  Added  Recovery 


Method:  tC7  Metals  by  SU6010 
Matrix:  TREATED  Sutmetria:  T 
Spiked  Analyte:  Sarium 


Type  of  Spike  «  Method  Spike  (Into  Slank). 


OA-Seo-90  9005204  0 


O.OQ  ng/L 


0.963  irq/L 


1.000  mg/L 


Total  Nunber  of  Spikes  *  1 

NuToer  of  Sarrolea  Used  For  Statistics  *  1 

Mean  X  Recovery  »  98 

Standard  Oeviation  « 


Selou  acceptance  ■  0 

Above  acceptance  ■  0 

Within  acceptance  *  1 

Acceptance  Criteria  75.00  •  125-00 


Method:  IC?  Metals  by  SU6010 
Hatrix:  TREATED  SLkxwtrix:  T 
Spiked  Analyte:  Ca<anii.is 

Type  of  Spike  ■  Method  Spike  (Into  Slant). 


04-Seo-90  9005204  0 


0.00  a«;/L 


0.987  sig/L 


1.000  ing/L 


Total  HLircMr  of  Spikes  «  1 

McirCjer  of  Sanssies  Used  For  Statistics  «  1 

Meen  X  Recovery  »  98 

Stanoard  Oeviation  « 


Below  acceptance  *  0 

Above  acceptance  •  0 

Within  acceptance  •  1 

Acceptance  Criteria  75.00  •  125.00 


Method:  ICP  Metal*  by  SW6010 
Matrix:  TREATSO  Sutrecrix;  T 
Spiked  Analyte:  Chroaiue 

Type  of  Spike  ■  Method  Spike  (Into  Slanx), 


C4-Seo-90  90C5204  0 

03*0ct*90  9009152  00 


03*Oct'9O  9005327 


0.00  mg/L 
O.CO  mg/L 
0.00  ng/L 


0.953  «g/L 
1,030  ng/L 
0.963  fng/i. 


1.0CO  mg/L 
1.000  ing/l 
1.C00  mq/l 


Type  of  Syike  ■  matrix  spike. 


03-Oct'9O  9CC9103  19A 

03-0ct*90  90C9103  198 


9.960  mq/L 
9.960  mg/U 


10.7  rng^'L 
11.0  irg/L 


1.000  iTiJ/L 

1.000  mg/L 


Stetistics  calculated  only  for  sercsles  with  a  velid  recovery. xC:  Mot 


(Continued) 


F35 


Oatt  Lab  10  Lab  Fraccicn  FI 


Method:  ICP  Metals  by  SU6010 
Matrix:  TREATED  Sttawtrix:  T 
Analyte:  ChrcntLia 

Type  of  Spike:  Rvatrix  spike,  continuec 

Total  Murrber  of  Spikes  •  S 

Niftt)er  of  Samples  Used  for  Statistics 

Mean  X  Recovery  ^  95 

Standard  Deviation  «  12.23 

Method:  ICP  Metals  by  SU6010 
Matrix:  TREATED  Siiratrix:  T 
Spiked  Analyte:  Iron 

Type  of  Spike  ■  Method  Spike  <lnto  Slank), 

04-Sep-9Q  900820*  0 
03-Oct-9O  9009182  00 
03-Oct'9O  9008327  - 

Type  of  Spike  •  matrix  spike. 

03-0ct'90  9009103  199 
03-Oct-90  9009103  19A 


Total  Harper  of  Spikes  «  5 
Muataer  of  Samples  Used  for  Statistics 
Mean  X  Recovery  •  93 

Standard  Deviation  ■  8.52 

Method:  ICP  Metals  by  SU6010 
Matrix:  TREATED  Suta^trix:  T 
Spiked  Analyte:  Lead 

Type  of  Spike  •  Method  Spike  <!r>to  Slanx). 

OA- Sep-90  9008204  0 

03*Oct-9O  9008327  - 
03*0cf90  9009182  00 


Statistics  caL'ulated  only  for  sarpies  v<th  a  vai^ 


Below  acceptarwie  «  1 

Above  acceptance  «  0 

Within  acceptance  *  4 

Acceptance  Criteria  75.00  •  123.00 


0.00 

mg/I. 

.170  mg/l 

10.0 

mg/L 

91.70 

0.00 

mg/L 

10.1  mg/L 

10.0 

mg/L 

101.00 

0.00 

mg/L 

9.610  mg/L 

10.0 

mg/L 

96.10 

1U.0 

mg/U 

TI4,0  mg/L 

10.0 

mg/L 

100.00 

114. 0 

mg/U 

122.0  mg/L 

10.0 

mg/L 

SO.  00 

Itlow  tccgtere.  •  0 
Abovt  iccptinc.  •  0 
Within  .eeept.nee  »  5 
Acctptanct  Crittrii 

75,00  • 

125.00 

mg/L 

1.010  mg/L 

1.000 

mg/L 

101.00 

mg/L 

0.935  mg/L 

1.000 

mg/L 

93.50 

mg/L 

1 .050  mg/L 

1.000 

mg/L 

105,00 

aaaaaaaaaawaaaaciaaaaaaaaaaaaaaaas-aaaaaaaaaaaaaaaaaaaaaaj 

overy.MC:  Mot  Calculable 


?ntinu^) 


F86 


Table  F6  (Continued) 


(Continued) 


ansttuassssasKMsswm^naanssiiaasi 
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L«b  to  Lab  Fraction 


Table  F6  (Continued) 

iaaaa**aaa*aaa*»a*«*«»»»***«****«  ■■***«■«»*«■•***•»»*»»»**»******'■*'■'*•**••  ■*■•••• 

Epiked 

Sampte  Sarcle  Spike  X 

Flag  «e»ult  «e*ult  Added  Rtcoverr 


method:  !CP  NetaU  by  SU6010 
Natrix:  TREATED  Siiaretrix:  T 
Spiked  Analyte:  Silver 

Type  o-f  Spike  •  Method  Spike  (Into  aiank). 

04-Sep-90  900M04  0 


Q.OQ  aag/L 


0.939  ing/L 


1.000  iBg/U 


Total  Nunber  of  Spikas  ■  1 

Nuider  of  Saitplea  Uted  For  Statistics  •  1 

Nean-X  Recovery  »  93 

Standard  Deviation  « 


Method;  ICP  Metals  by  SuaOlO 
Matrix:  TREATED  SLtxiaitrix:  M/A 
Spiked  Analyte:  Chroaiua 


Setow  acceptance  •  0 
Above  Bcceptance  «  0 
Within  acceptance  •  1 
Acceptance  Criteria  75.00 


125.00 


93.90 


Type  of  Spike  •  Method  Spike  (Into  Stank). 

2a-Sep-90  90091S2  00 

Type  of  Spike  •  eietrix  spike. 

24-Seo-90  900C399  21C 
26-Sep-90  0004399  21B 
03-0et-90  9004204  03A 

03-0et-90  9004204  02A 


0.00  ng/Kg 

0.456  eq/kg 

1.000 

aq/kg 

85.60 

954.0  leg/tg 

298.0  aq/kg 

110.0 

eq/kg 

-  596.34 

954.0  atg/kg 

512.0  eq/kg 

103.0 

cq/kg 

•  429.13 

1640.0  ng/tg 

3640.0  sq/kg 

2703.0 

eq/kg 

75.47 

1610.0  aq/kg 

3920.0  eq/kg 

2774.0 

eq/kg 

82.07 

Total  Miptaer  of  Spikes  •  5 

¥vr«»r  of  Samples  Used  For  Statistics  •  5 

Mean  X  Recovery  «-  156 

Standard  Deviation  a  330. 5S 


Below  acceptance  •  Z 
Above  acceptance  •  0 
Within  acceptance  •  3 
Acceptance  Criteria  75.00 


125.00 


Statistics  calculated  only  for  samples  with  a  valid  recovery. MC:  Mot  Calculable 


(Continued) 
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Table  f6  (Continued) 

iw!ixxai]iasaxa«,i««asBX«««aEaa«aaasaataasasaia«s«sa*niss«sssHs«iiaaBxx«««n«««>**’ 


Spiked 

Saople 

Sonplc 

Spike 

X 

Date 

Ltb  ID  lab  Frtction 

Flaa  fieiult 

Irsult 

Added 

9e.:ov«ry 

Method:  ICP  MetaU  by  SIJ6OIO 

Matrix:  TREATED  Siibwatrtx:  M/A 

Spiked  Anaiytt:  iron 

Type  o(  Spike  •  Method  Spike  (Into  Blank), 

2S-S»p-90  90«i82  00 

0.00 

ns/kg 

8.5S0  mg/kg  10.0 

mg/kg 

85.50 

Type  of  Spike  «  matrix  spike. 

24-Seo-90  9003399  219 

116000 

ng/lg 

31100.0  mg/kg  1030.0 

mg/kg 

-  8242.72 

26-Sep-90  9003399  21C 

116000 

irg/Kg 

20700.0  "g/kg  1100.0 

mg/kg 

•  8483.64 

03-Oct-90  9003204  02A 

104.0 

"9/kg 

314.0  mg/kg  231.5 

mg/kg 

90.71 

03-Oet-9O  9003204  13A 

104.0 

mg/kg 

308.0  s^/kg  2S5.2 

mg/kg 

79.94 

Total  Movoer  of  Spikes  *  5 

8elcw  acceptarica  •  2 

Marker  of  SartDles  Used  For  Statistics  ■  5 

Above  acceptance  >  0 

Mean  X  Recovery  3330 

Within  acceptance  *  3 

Slarriard  Deviation  s*  4^79.1 

Acc.^ttnct  Criteria  75.00  • 

125.00 

Method:  10?  Metals  by  SU6010 

Matrix:  TSE*TE0  SubraatPix:  M/A 

Spiked  Analyte:  le«S 

Type  of  Spike  •  Method  Spike  (Into  Blank). 

28-Seo-90  9009182  00 

0.00 

"9/kg 

0.873  "g/kg  1.000 

mg/kg 

87.30 

O1-0ef90  9009182  00 

0.08 

"g/kg 

0.471  mg/kg  0.500 

mg/kg 

94.20 

Type  of  Spike  >  matrix  spike* 

24-Seo-90  9008399  210 

110.0 

"9/kg 

151.0  wg/kg  110.0 

mg/kg 

37.27 

26-3ep-90  9008399  218 

no.o 

"g/kg 

258.0  mg/Kg  t03.0 

mg/kg 

K3.49 

Total  Mut©e*"  of  Soikes  *  4 

Below  acceotarve  •  1 

Murtoer  of  Sarcjles  Used  For  Statistics  »  4 

Above  acceptance  »  1 

Mean  X  Recovery  »  90 

Within  acceptance  *  2 

Standard  Deviation  *  A3. 53 

Acceptance  Criteria  75.00  • 

125.00 

S?ttTitjc$  cilculaced  oriy  for  sarwlei  with  a  vali<J  recovery. aC:  wot  Calculable 


(Continued) 
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Table  F6  (Continued) 


,aaaa«a*»*aaa«*»*»*»****»“»* 


OaCff  laO  10  Lab  fraction 


Spiked 

Sanplt  Sampte 

fUf  Sesult  letult 


Spike  * 

AdPed  Recovery 


M«t^od;  1C?  Metals  by  S^1Q 
Matrix:  TREATED  Submatrix:  M/A 
Spiked  ArMlyte:  Mickel 


Type  of  Spike  ■  Method  Spike  (Into  Slink). 


28-S«p-90 

9009182 

00 

Q.OO  103/19 

0.850  mg/Kg 

1.000 

mg/Kg 

85.00 

01-Oct-90 

9009182 

00 

0.00  nq/Cg 

0.468  wq/ti 

0.500 

mg/4g 

97.60 

Type  Of  Spike  ■  matrix  spike. 

26-S«-90 

9008399 

21C 

16.8  ng/Kg 

107,0  mg/tg 

110.0 

mg/Kg 

82.00 

26-SW9Q 

9008399 

213 

16.8  ng/Kg 

108.0  ng/Kg 

103. 0 

ing/Kg 

88.54 

03-0<:t-90 

90C3204 

03A 

20.2  mg/Kg 

2340.0  mg/Kg 

3153.5 

mg/Kg 

89.42 

03-Oet-90 

9008204 

Q2A 

20,2  ng/tg 

2920.0  mg/Kg 

3241.0 

mg/tg 

89.47 

Total  Humer  of  Spikes  «  6  Below  acceptance  ■  0 

Mortjer  of  Sartsles  Used  for  Statistics  «  6  Above  acceptance  *  0 

Mean  X  Recovery  a  Within  acceptance  *  6 

Standard  Deviation  a  5.27  Aceeotanct  Criteria  TS.OO  •  125. DO 

aaasaaaaasvasvsaaaaaaasaavaaaaaaaaaasasaaaaaasaaaaYaaaasaasasaavaKv^saaaaaaaawaasaaavsaaasaaaaBaaaaBaaaaaaaaaaaaaasaa 


Method:  Selenioa  by  aa  (£270,2) 

Matrix:  Solid  Suometrix:  T 
Spiked  Analyte:  Seleniua 

Type  of  Spike  ■  Predigesticn  Matrix  Spike, 

ZT'Aug-'JO  9004041  CO  0.00  aig/L  0.043  «^/L  0.050  fnq/i  96.00 


Total  MvjTCer  of  Spikes  >  1  Below  acceccanca  •  0 

Murber  of  Sanoles  used  for  Statistics  a  1  Above  acceptance  «  0 

Mean  X  Recovery  a  %  Within  acceptance  •  1 

Standard  Oeviation  a  Acceptance  Criteria  75.00  •  125.00 


aaaaaaaaaaaasaaaaaaasaaaxaaasaaaaaxasarfsaasvx^sasaaxzaaaaaaaaaBaaaaasaaaasaaaaaaaaaaaassaasa 

Statistics  calculated  only  for  sarnies  with  a  valid  recovery.MC:  Mot  Calculable 


(Continued) 


i«s*a«sti 


Date  lab  ID 


Table  F6  (Continued) 


laaaanraaxasaasasaaaavsoB***' 


taaaaasxaaazasaasssassa: 


tasasa 


lab  Fraction 


SMf>(e 

Flafl  Result 


Spiked 

S«pl«  SP'I'*  * 

Result  AtkiKl  Recovery 


Htthod:  Selenium  by  KA  (£27^.2) 
XatPix:  TREATED  SutarmtPix:  M/A 
Spiked  Analyte:  S«lenii.ja 


Type  of  Spike  •  Method  Spike  (Into  Slank}. 


W-S«p-90 

05-S«)-90 

06-Sep-90 

90C22W  1  0.00  mg/Rg 
900fiJ04  0  0.00  mg/Rg 
9008204  0  0.00  mg/Rg 

0.488  mg/Rg 

0.050  mg/Rg 

0.050  mg/Rg 

0.050 

0.050 

0.050 

mg/Rg 

mg/Rg 

mg/Rg 

974.80 

100.00 

100.00 

Total  MLfTOer  of  Spikes  •  3 

Miirber  of  Sanples  Used  For  Statistics  »  3 

Mean  X  Recovery  «  392 

Standard  Deviation  «  506.22 

Below  ecceptance  *  0 
Above  aeceptence  •  1 
UitMn  ecceptance  «  2 
Acceptance  Criteria 

75.00  - 

125.00 

Method:  Chrow  VI  by  sy7T^ 
Matrix:  Solid  Scexnatrix:  T 
Spixed  Analyte:  Chrcmiijn  VI 

Type  of  Spike  ■  meerix  spike. 


06-JUI-90 

9007040 

19« 

MO 

06-Jul-90 

9007040 

228 

06-Jul-90 

9007040 

19C 

NO 

06-Jul*90 

9007040 

22C 

Total  MuTOer  of  Spikes  •  4 

Munber  of  Serr^lcs  Used  For  Statistics  •  4 

Mean  X  Recovery  ■  ICO 

Standard  Deviation  •  7.21 


0.020  mg/L 

0.104  ng/l 

0.100 

mg/L 

94.00 

0.347  mg/L 

0.560  ng/L 

0.200 

ng/t 

106.50 

0.020  mg/L 

0.106  ng/t 

0.100 

mg/L 

94.00 

0.347  as/L 

0.560  ffig/l 

0.200 

mg/L 

106.50 

Below  acceptance  >  0 

Above  acceptance  »  0 

Within  acceptance  •  4 

Acceota'*«e  Criteria  75.00  •  125.00 


aaaaaaaaaaaaaaaaaaaaaaaaaaaaaavvs'^vaaa'ssassasawaaaaaaaTsaaaaaaaaaaaaaaaaaaaaaa: 

Statiafica  calculated  only  for  sanoles  with  a  valid  recovery.xC:  Mot  Calculable 


(Ccntinued) 
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Table  f6  (Continued) 


(Continued) 


Table  F6  (Continued) 


(ssaasa  a  asss*s>«««**<*****  ***'■****  sas>*sa3i3tsxs«s«asxcsas«««sss«3i«««assx«a«s  a  sxssxarsvs  *«■■****  *********  *****’ 


Spiked 

Sanpl* 

Sample 

Spikt 

X 

Dace 

L*b  to  Iflb  Fraction 

Flag  Result 

kesulc 

Acicied 

Recovery 

Method:  Chrofw  VI  by  SU7196 

Matrix:  T3EATED  Stfcmstrix:  MW 

Anaiyte:  Chroniin  VI 

Type  of  Spike:  Rredigestion  Matrix  Spike. 

continued 

Total  Ni.rt>er  of  Spikes  ■  9 

Delow  eccepttncc  •  3 

Nkidser  of  Sarrples  Used  For  Statistics  *  7 

Above  eeceptence  •  0 

Mean  X  Recovery  *  66 

Within  eeceptence  •  4 

Standard  Deviation  *  16.91 

Acceptance  Criteria 

75.00  ■ 

■  125.00 

Xethod:  Chrome  VI  br  SU7194 

hetrix:  TREATED  Sctrwtrtx:  T 

Spiked  Analvte;  Chromiue  Vt 

7yp«  of  Spika  ■  matrix  spike. 

29-Aug-90  9008327  04C 

<5X  0.088 

mq/L 

0.175  mg/L 

0.100 

mg/t 

107.00 

29-AUB-9Q  9008327  088 

<5*  0.088 

mg/L 

0.175  mg/L 

0.100 

mg/L 

107.00 

T3-Sep-90  9009045  13C 

HO  0.020 

B^/L 

0.504  leg/L 

0.500 

mg/L 

98.80 

13-Sep-90  9009045  13i 

HO  0.020 

mg/L 

0.506  ffg/l 

0.500 

mg/L 

99.20 

13-Sep-90  9009011  138 

0.669 

ed/t 

1.682  mg/l 

1.000 

mg/L 

97.30 

13-Seti-90  9009011  13C 

0.669 

nq/L 

1.687  mg/l 

1.000 

mg/L 

97.80 

2Q-Sep-90  9009103  09B 

0.182 

»d/L 

0.511  mg/l 

0.380 

mg/L 

91.39 

20- Sep-90  9QC9103  09A 

0.182 

•^/L 

0.519  ng/L 

0.380 

mg/L 

93.61 

Total  MudMr  of  Spikes  «  6 

Below  acceptance  •  0 

NufTtatr  of  Saimpies  Used  For  Statistics  «  S 

Above  acceptance  •  0 

Mean  X  Recovery  •  99 

Within  acceptance  •  6 

Standard  Deviation  *  5-59 

Acceptance  Criteria 

75.00  - 

125.00 

Method:  Chrorw  VI  by  SV7196 

Matrix:  TSCATEO  SUbmatrix:  N/A 

Spiked  ArMiyte:  Chronic  VI 

Type  of  Spike  ■  analytical. 

25-Seo-90  9009011  03 

0.103 

mg/tg 

0.194  fng/tg 

0.099 

mg/kg 

92.01 

25-Seo-90  9009011  04 

8.034 

"d/tg 

8. 164  nq/i^9 

2.558 

mg/kg 

5.08 

25-Sep-90  9009045  05 

17.9 

mg/kg 

18.8  mg/kg 

2.498 

mq/Kg 

33.91 

27-Sep-90  9009103  04A 

3.151 

"d/Kg 

5.485  mg/kg 

2.658 

mg/kg 

87.92 

Statistics  calculated  only  for  sarpies  wi^h 

a  val Id  recovery. KC 

:  Hot 

Calculable 

(Continued) 


Table  F6  (Ccntinued) 


■"lasxsaasxaaMasawavaamasataasaaaaiisssaaasa******* 


aaaaaaaaaaaaaaaaaaaaaaaaaa 


0«tc  Lab  ID  Lab  Fraction 


S«9l« 

Flag  Seault 


Spiked 

Sp''“  * 

RnuU  Mit<i  Recovery 


Hathod:  Orewa  VI  by  SW7196 

Matrix:  TREATED  Si.±natr1x:  H/A 

Analytt:  ChroMluii  VI 

Type  of  Spike:  Method  Spike  (Into  Blank),  continued 

Type  of  Spike  •  Method  Spike  (Into  aiank). 

06-Sep-90  9003204  0 

0.00  mg/tg 

0.433  a^g/Kg 

0.500 

mg/kg 

97.63 

Type  of  Spike  •  eiatrix  spike. 

23-Ai!fl-90  9003204  02A  <5* 

0.023  mg/Kg 

1 

0.074  aig/kg 

3.995 

ng/kg 

1.29 

23-Aud-90  9003204  OJA  <5* 

0.023  ep/kg 

0.034  ng/kg 

3.995 

ng/kg 

1.53 

10-Sep-9O  9003399  OTA 

4.1SS  ng/Cg 

7.304  Big/kg 

3.344 

ng/kg 

81  .as 

lO-Sep-90  9003399  03A 

4. 158  n«/Kg 

7.040  ng/kg 

3.842 

ng/kg 

75.53 

Type  of  Spike  •  Predigeation  Matrix  Spike. 

25-Sep-90  9009011  • 

Q.IK3  no/Kg 

0.140  ng/kg 

0.160 

«g/kg 

100.00 

Total  kUTter  of  Spikea  a  1Q 

lalcM 

acceptance  ■  4 

Muftaer  of  Saraiea  Used  For  Statistics  «  6 

Above 

ecceptanee  »  0 

Mean  S  Recovery  •  69 

within  acceptance  a  2 

Steralard  Oevietion  a  43.84 

Acceptance  Criteria 

75.00  - 

135.00 

Petfiod:  Sulfrte  by  IC  (EJOa.O) 
Retrli;  Solid  SiibnetrU:  N/A 
Spiked  Analyte:  Sulfate 


Type  of  Spike  ■  Matrix  spike. 

lO-Jul-90 

9007040 

03C 

995.5 

«g/kg 

6545.5  mg/kg 

6349.4 

ng/kg 

83.34 

IO-Jul-90 

9007040 

03a 

995.5 

■g/kg 

6423.9  ng/kg 

4349.4 

ng/kg 

88.34 

14-S«)-90 

9003242 

06a 

4315.1 

ng/kg 

17334.1  no/Kg 

12937.0 

ng/kg 

97.94 

U-Sep-90 

9003242 

06C 

4315.1 

ng/kg 

1&413.3  i>g/C9 

12987.0 

lag/kg 

104.72 

Total  kv  •oer  of  So»kes  ■  4 

Below  acceptance  •  0 

Huadier 

of  Sancles  used  For  Statistics  «  4 

Above  acceptance  •  0 

Me^  X  Recovery  ■  94 

Within  acceptance  ■  4 

Standard  Oevietion  •  7.98 

Acceptance  Criteria 

SO. 00  • 

120.00 

StatUtict  calculated  only  for  saroiei  with  a  valid  recovery. ac:  »ot  CatculaPle 


(Continued) 


Table  F6  (Concluded) 


«aaa*««a 


Date 


laaaaiaaa 


Lab  10 


laaaaaattaaaaaaatrsaaai 


aaaaasaaaaa 


Canpla 

Lab  Fraction  Ftag  ftaault 


taaaaaaaaaaaaamaaaaaaaaaj 

Spiked 

Sanple  Spike 

Reault  Ad^ 


X 

Recovery 


Method:  Sulfate  by  tC  (E3OQ.0) 
Matrix:  TREATED  SUawtrix:  N/A 
Spiked  Analyte:  Sulfate 


Type  of  Spike  ■  Analytical. 


ff3-0et-90 

9009103 

06A 

999,4  mg/kj 

13922.6  mg/kg 

13171.4 

mg/kg 

93.12 

Typ.  of  Spike  •  matrix  ipike. 

U-S.p-90 

90082  64 

OZA 

97i0.0  mg/Kg 

2204^.0  ng/kg 

12500.0 

mg/kg 

98.30 

U-S.p-90 

900S39D 

OSA 

$900. 0  mg/kg 

19123.3  mg/kg 

13053.0 

mg/kg 

101.32 

U-S.p-90 

9008204 

03A 

9760.0  mg/tg 

24444.0  ig/kg 

12500.0 

ng/kg 

117.47 

U-S.p-90 

900&399 

07A 

$900.0  mg/kg 

19009.8  mg/kg 

13053.0 

ng/kg 

100.U 

Total  Mutoer  of  Sp'kea  •  5  Selou  acceptance  ■  0 

HLTter  of  SMplra  Used  For  Statiitica  ■  S  Above  acceptance  ■  0 

Mean  X  Recovery  ■  103  Within  acceptance  -  5 

Standard  Deviation  »  a.13  Acceptance  Criteria  SO. 00  -  120.00 

aaaaaaaraa— g^^a-aaaaaaaMaa^aaaaaaa^gaaaa^aaaaaaawaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa^Maaamaaaaaaaaaa^taaaaaaaaaaaaaaaaaaaaaa 


Statiatica  calculated  oily  for  sarnpiea  with  a  valid  recovery.aC:  aot  Calculable 


Table  F7 

Precision  Estimates  by  Source  of  VariabUitv.  Frontier  Hard  ChrogS 


Pttri*  «  MU  EP  LEACHATE;  Submatfix  >  M/A 

*  of 


ftingc  of 


Pooled 

so  CV 


Chroffliue  by  ICPES 
Field  Duplicate 


0.0030  -  0.074  fi^/l 


Iron  by  SU6010 

Field  Duplicate 


0.093  -  0.703  it9/L 


ICP  Metala  br/  SU6010 

Analytical  O’jp  (At  Instrument) 
Chroeiun 
Iron 
Lead 
Nickel 


0.119  rrg/L 
1.325  mg/L 
MO 


Matrix  Spike  Ouplicate 


Nickel  by  SWdOlO 
Field  Ouplieatr 
Nickel 


Lead  by  SU6010 
Field  Duplicate 


107.5  "9/L 
107.5  ng/L 

95. 5  mg/L 

99.5  ii»/L 


0.015  mg/L 


0.042  mg/L 


NC:  Mot  Calcuuole 


(Continued) 


F96 


Table  F7  (Continued) 


N«trix  •  SOLID;  SUanatrix  « 


#  of 

Range  of 

tBsa«*s«xx8*xs«asi 

Pooled 

Pooled 

Pirarater 

Pairs 

Neons 

SO 

cv 

Chrtmt  VI  by  SU7m 

Analytical  Du>  (AC  Inatrcrnent) 

Oiromiut  VI  2  W  •  XO  NC  NC 


Field  Duslicate 

Chraaiui  VI  3  MO  •  NO  NC  NC 


Prtdigattion  Dt«licate 
Chromiua  VI 


*  NO  •  o.cosa  mg/L  0.00  *7.1 


NC:  Mot  Calculable 


(Continued) 
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Table  F7  (Continued) 


Hatrix  »  SOLID;  Sutnatrix  •  M/A 


Param»ter 


f  of 
Faira 


mxsxaasa^asasaasxvTisssa^ 


Kftng«  of 
M«»na 


Pooled 

SO 


Pooled 

CV 


Chronicn  by  ICP€S 
Field  Duplicate 
Chronitin 


Chromium  by  !CP€S 
Field  Duplicate 
Chromium 


Chloride  by  1C  (E300.0) 

Analytical  Dup  (At  Inatrunent) 

Chloride  1 

Matrix  Spike  Ouclieate 

Chloride  1 


Iron  by  SU6010 
Field  Di^licatt 

Iron  10 


iron  by  SU6010 
Field  Occjlicate 
Iron 


ICP  Metala  by  SW6010 

Anelytical  Duo  (At  Instrument) 

Chromium  ^ 

I  ron  ^ 

Leed  ^ 

Nickel  7 

Matrix  Spike  Dedicate 


9.600  - 

550.0 

"B/CB 

14.03 

8.5 

0.0030  - 

0.07i 

itiS/FB 

0.00 

45.5 

260.1  ■ 

26C.1 

9i8/tB 

18.52 

6.4 

53.5  - 

83.5 

ms/tg 

0.83 

1.0 

6AOO.O  ' 

39500.0 

ing/tfl 

2554.60 

8.9 

0.093  • 

0.7DS 

w»/tB 

0.25 

49.3 

o.cso  - 

60A.5 

ng/AB 

13.99 

22.2 

7000.0  • 

34700.0 

mg/tB 

5013.54 

20-6 

r.iZj  - 

L4.3 

mg/tg 

3.99 

21.5 

6.1C5  - 

34.9 

"J/tg 

2.90 

19.0 

MC:  Mot  Calculable 


^  Cent  i 


F99 


Table  F7  (Contintied) 


Matrix  ■  SOLID;  Subaiatrix  x  N/A 


tan9«  of 


Chroamia 

Iron 


ISO. 9  mg/Cs 
100.0  ng/Xg 
372.2  ng/Xg 
111. S  ng/Xg 


Ptrcent  naiatura  inarganie 
Flald  Ouitieata 
Perctfit  noiitura 
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Table  F7  (Continued) 
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Table  F7  (Continued) 
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Table  f7  (Continued) 
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